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Page  20. 

Some  properties  of  the  radiating  aperture  su perdirectioaality . 

L.  A.  Veugrovich  1 . 

POOTNOTE  l.  (L  A  Wengrowicr)  .  Institute  of  the  fundamental  problems 
the  Polish  Academy  technigue  of  Sciences,  Warsaw.  EHDPOGTNOTE. 

In  the  work  is  derived  the  integral  equation,  which  connects  the 
excitable  in  the  aperture  electric  field  with  the  transverse 
component  of  magnetic  field.  Solution  cf  integral  equation  and 
introduction  of  equivalent  outlines  gives  the  possibility 
subsequently  to  compute  total  fewer  flux  through  the  slot  and  the 
energy,  accumulated  in  its  vicinity. 

On  this  foundation  is  introduced  the  measure  of 
superdiractionality,  which  makes  it  possible  to  judge  physical 
limitations,  to  radiat icn/emissicn.  The  theory  presented  illustrate 
the  results  of  numerical  calculations. 


DOC  =  81 082101 


PAGE 


L 


Introduction. 

It  is  long  ago  already  known  that  the  equations  of  Maxwell  admit 
the  solutions  which  independent  cf  the  sizes/di  men  si  o(ns  of  the 
region,  occupied  by  sources,  they  represent  the  arbitrarily 
concentrated  radiation  field. 

These  solutions,  called  superdirecticnal,  were  for  the  first 
time  noticed  by  oseen  [1]  and,  fcr  a  while  later,  they  were  confirmed 
by  Fradin  [2],  Since  then  they  attract  attention  as  independent 
problem  or  in  connection  with  the  tasks  of  the  synthesis  of  radiating 
systems. 

Their  characteristic  feature  is  the  presence  of  the  highest 
types  of  fields,  accompanied  ty  the  large  accumulation  of  quadergy  in 
the  vicinity  of  sources. 

To  the  initially  superdirectional  solutions  was  paid 
considerable  attention.  Still  until  recently  there  was  an  opinion 
about  the  advisability  of  using  the  superdirectional  solutions  fcr  an 
increase  in  the  efficiency  in  artenna  radiation.  There  is  a  very  vast 
literature,  which  concerns  a  question  of  superdirectionality;  in  the 
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accompanying  bibliography  is  connected  only  its  small  part. 

In  the  present  work  let  us  attempt  to  explain  the  physical 
limitations,  inherent  in  electromagnetic  radiation  of  the  aperture  in 
the  fora  of  slot  in  the  infinite  ideally  conducting  screen.  As  the 
fundamental  mathematical  apparatus  is  accepted  the  Fourier  transform 
that  it  brings  this  work  closer  to  those,  in  which  is  utilized  the 
representation  of  field  with  the  help  of  the  spectrum  of  plane  waves 
[  8  ],  [9]  and  [11];  however  in  contrast  to  them  task  is  reduced  here 
to  the  integral  equation. 

Page  21. 

As  a  result  expression  for  the  power  flux  through  the  slot  and  other 
results  they  are  obtained  here  directly,  without  resorting  to 
concepts  and  methods,  connected  with  the  mentioned  representation. 
These  results  are  given  tc  the  fern,  which  makes  it  possible  to 
perform  numerical  calculations. 

Fundamental  preraquisi tes/ premises. 

Radiating  system  is  shewn  in  Fig.  1.  It  consists  of  ideally 
conducting  flat/plane  screen  y=0,  in  which  along  x  axis  is 
symmetrically  arranged/located  the  slot  by  width  2a.  8y  thickness  of 
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screen  negligible.  Be  examined  thera  Mill  be  only  fields  of  the  type 
E,  i.e.,  the  electric  field,  parallel  to  the  edges  of  slot.  It  is 
proposed  also  that  the  sources  ajd,  cons  eguently ,  also  fields  do  not 
depend  on  coordinate  x.  Dependence  on  the  tine  is  accepted  in  the 
fore  e 


Taking  into  account  the  ispcrtant  role  which  in  the  theory  cf 
antennas  play  tha  sinusoidal  distributions,  let  us  suppose  that  the 
sources  create  in  the  slot  the  electric  field  of  the  form 


E  =  ''bn 


sin 


2a 


--)1- 
o  1 1 


(!) 


Each  compcnent/te rm/addend  of  sum  we  will  subsequently  call 
partial  field  £„. 


For  computing  the  power,  passing  through  the  slot,  is  necessary 
to  know  transverse  magnetic  field  in  slot  *  Therefore  let  us  begin 

from  the  determination  of  partial  fields  H-  -  of  those  connected  with 

E 


Determination  of  magnetic  field. 

a)  Conclusion/output  and  the  seluticn  of  integral  equation.  ^  From 
the  equations  of  naxwell  for  the  fields  in  question  on  plane  y-0  we 
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u _ Li 

n*  ~  i*  I  u  dn' 


(2) 


where  n  -  external  normal  tc  region  (Pig.  1).  This  dependence 

d  £ 

makes  it  possible  to  concentrate  attention  in  factor  For 

determination  —  we  will  use  the  integral  representation  of 

dn 

Kirchhoff.  By  bounding  surface  let  us  select  the  plane  of  screen, 
then  in  region  ^ 


£OT  —  Trj(v*-£  £)■"•• 


(3) 


where  v  =  i*Ho(k\  +  )  designates  Green's  function  for  the  free 

space. 


Page  22. 

If  we  transfer  observation  point  z  to  the  plane  of  screen,  then  we 
o  bt  ain 

m 

E(Z)  =  ~  H'0{k\z  —  zt\)dz9.  (4) 

—  m 

The  obtained  result  we  will  consider  as  integral  equation 
relatively  —  Special  attention  deserves  the  fact  that  the  nucleus 

an 

of  equation  is  the  function  cf  a  difference  in  the  arguments.  This 
makes  it  possible  to  assume  that  the  solution  of  equation  can  bo 
obtained,  applying  the  apparatus  of  Pourier  transform. 
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Let  us  assume  that  k  has  the  small  imaginary  part,  which  ensures 
the  band  of  analyticity  in  Pourier  transform.  However,  when  this  does 
not  play  the  significant  role,  we  will  as  before  count  k  by  real 
number. 


Let  us  note  that 

«• 

I  H.:b  j,  ■°lt<  -V- - 2  (5) 

J  I  **— /« 


where  for  |r|>£  should  be  chosen  the  positive  branch  of  root. 
Pourier  transform  £n  takes  tbe  form 


Lr-bn  ^sin  \n  I  —  -1-  —  (]  eu,dz= 

2  .  _ 


1  2.1 


na 


\  2  a 

~  cos (of) 


2  inn.  * 

(—) 


;  rc=2p-H. 


,  i  sin  (at) 

r*l  17nZ~* - ;'«  =  2p^2. 


|  —  ,  — (a/)* 


After  the  formal  use/application  of  Pourier  transform  to  eju. 
(4)  and  the  solution  of  algebraic  equation  for  transparency 
relatively  —  inverse  transformation  gives 

on 


v  /  . 


cos  (on  —  i  z  t 


=  t  n  \  |  {ak):  —  (at)- 

nr.  ,  ,  nn  * 

U--  (y 

I  f-r  » 


dt ,  n  =  2p  —  1;  (7) 


^C!  =  —  i£.n  l’  1  (a*i*— (a<)*  — e~l{ldt,  n=2p+2. 

tv:  ,  ns  * 

.  c—  f  —  j  -<aOs 


(8) 
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'h 


Integration  is  conducted  here  along  the  arbitrary 
straight/iirect  lnt=c,  lying/hcrirontal  at  the  band  analyticity  cf 
integrands  l Imf |  <  | ImAt | . 


Not  difficult  to  show  that  the  described  procedure  satisfies 
theorea  conditions  of  Titchnarsh  [12,  theorem  No  148],  and 
consequently,  (7)  and  (8)  actually/really  represent  the  unique  in  L2 
(--,  -)  solutions  cf  equ.  (4). 

b)  Xta  computation  of  integrals  by  complex  integration. 
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Let  us  introduce  parameter  <7  -  — and  let  us  lead  integrand  to 
the  more  convenient  fora: 

F,u)  -  f  «r  —  r>F,u)FtV'-  l9‘ 

where 

£,U;  =  A|-  -{at)-’ 

E,it)  =  1/7—  —  iunJ 

!  2 


If  we  moreover,  express  trigoncaetric  functions  in  the 
exponential  form  and  to  introduce  the  following  designations: 


ic-r- 


, !  3) 

i 

=  ’  |  f.frtf.We-"--""*: 

(  14: 

f  C — ao 

=  '  [  FiinF.JOe-"*-*''  dt. 

(l.V, 

I  C—m 


then  for  arbitrary  z: 

b„  —  !  —  jV-/i:)(/3- /«).  n  =  2p  —  1 .  iltv 

2  i  2  1 

-6ny[/I-/J^(y)’«7a-n2)(/3-/«)j.  n=2p  >lTi 


dn 
dEn  s 
dn 
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Integrals  I ,  and  l2  represent  the  t ransf or nations,  reverse  to 
fornula  (5),  and  they  can  be  easily  calculated.  Por  conputation  I3 
and  I4  lat  us  continue  analytically  function  Ft  P2  tc  entire  plane  t, 
with  exception  of  the  secticns/cuts ,  carried  out  from  branch  points 
t=~  q  ~~  to  infinity  (Fig.  2).  Let  us  introduce  outlines  li  and  12, 
and  also  outlina  / j.  obtained  frcn  12  with  the  help  of  substitution 
t--t.  Since  fields  possess  synietry  relative  to  the  axis  of  slot,  it 
suffices  to  examine  only  positive  values  of  z. 

Then  the  outlines  of  integration,  which  satisfy  Jordan's  lemma, 
will  be  the  outlines  the  data  about  which  are  cited  in  Table  1. 

In  the  integrals  along  12  let  us  carry  out  the  appropriate 
replacement  of  variable/alternating  and  will  record  them  as  integrals 
lengthwise  lj-  Determining  deductions  in  poles  F2  (t)  and  taking  into 
account  egu.  (2)  ,  we  will  obtain  for  |*|<a: 


i 
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_  I  n- 1 

■r  ‘  i  . .  t  , 


+  «-2p+l;(IS) 


"T'vf’fl'  +  TO-fM’fl'-rO- 

—  nq  —  (\-  —  \a\FlU)F.<t)[e',a+I,,—el<a-t"]dt.  n^2p-^2  U9l 

*  v  Q*  ■ 


where  0  designates  integration  along  the  sections/cuts 


Pig.  2. 


Table  1. 


Page  25. 
For  |z|>a 


z 

l , 

/. 

z<a 

4 

t>a 

<t 

4 

«...  -  -  i  i.  I  T  ,'f  *■."!»  T  IT  -  111  -  T  H°"  '♦t!--'’- 

I, _ i |V, «. /'.ml.""" -rf—' w- «-» 

*  •’  i  •  ! 

t-"- 
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Integration  along  the  sections/cuts  in  equ.  (18)- (21)  presents 
known  difficulty.  Therefore  the  obtained  results  can  be  effective 
used  only  in  the  particular  cast  when  the  terms,  which  contain 
integrals,  disappear,  i.e.,  when  n=q. 

C)  T*9  computation  of  integrals  by  integration  along  the  real  axis. 


The  difficulties  which  were  met  in  the  preceding/previous 
section,  can  be  bridged.  For  this  let  us  return  to  expressions  (7) 
and  (8),  Integrating  along  the  real  axis,  we  will  obtain: 


=  b.  —  I  /,  -  /,  —  —  (<f  ~  n-t  i  F,  (M  F»  mcos  ian  e  'l'dt 

Am  '  "  O  I  O  1 


n  ---  2p  I; 


(z)  =  —  —  1  hi siiMU'ie 

*  2 1  2  1 


n  =  2p  —  2. 


Aoplying  formula  rolls  tc  tie  integrals  in  the  second  terms  of 
equ.  (22)  and  (23)  ,  which  Let  us  designate  as  Is  and  I*,  and  taking 
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A? 

into  account  (5)  and  (6),  we  sill  ottain: 

1 21 1 

(25) 


—  a 

/i  =  (_l)J_!_  \cos-H"'(k\z-t\)dt.  n  =  2p-r\: 

a*  n  ,)  2  a  w 

—a 

n 

—  a 

/.  =  (—  l)2  — i—  i'sin^-//'l>(*!*-l|)dL  *  -=2^2. 

a*n  2 a 


Page  26. 


Subsequently  we  will  use  the  theorem  of  the  addition  of  Neuiano, 
which  we  shall  record  in  the  «cre  convenient  for  this  purpose  form: 

a 

//'" , *  >-r;  i  =  ^  V  (sgn  uij  H<»  (k  |e,  J,  ( kt )■  \z\  >  a,  |/|  <  a;  (26) 

#'„»(*  :-M-  V  fsinui,-- //«>(* !»!)/,(**,;  |2|4a,  |,|  a.  (27, 

i  *  —  «■ 

Let  us  consider  case  |,-|<a.  In  this  case  the  expressions  for  I5 
and  I6  can  be  recorded  as: 


—  i  H'j'tk  z~rp  cos— at  -  |  [H<J>  yk\z  — 1\)  - 


~H'2'[k  z  —  fi)l  cos  d? 

0  '  2<J 


(28) 


/ 


-J7  I  '  //?,"«*!*  —  /|)  Sin  '~di-  (*|«  —  r|)  — 


—  H[l'{k\z  —  /|)J sin 


(29) 
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The  first  terms  in  <?qu.  (28)  and  (29)  can  be  easily  calculated 

during  use  (5)  by  substitution  z-t-=-u.  rhe  second  terms  we  convert, 
utilizing  (26)  ,  then: 


/  4  2  n  .T  Z  8  r,  t  ;  n  ui  (  f 

/, - cos - V  i,  „j,{q  —  —  .  n  =  2p-\\ 

ann  |  qt—ni  2 a  an  n  —  *'  \  2  a  ] 


where 


Page  27. 


/  4  1  Jl.i:  8  _  -  0  ,  /  It  |z|  \  o,n 

/,  - - ==•  sin - V  p.  JAq - —  ,  n—2p+2, 

an  n  \  n*  2 a  an  it  ^  n  \  2  a  ) 


P,.  n=  \  H^(qt)  cos  {nt)dt,  n=2p-rl;  (32) 

rjt 

m 

P,.  „  =  f^(/“  (?*>  s‘n  (**)  <*<•  n  =  2p  +  2.  (33) 


Let  us  consider  case  |  r  j  >  a.  Applying  (27)  to  the  integrands,  we 


will  obtain: 


/5  =  (— 1) 


I  «  =  2P^1;  ,34, 

Z  (1  ' 


1>zs[~])2~r  2  Y/.n^V’to-TT-l-  "  = 


where 


y,  =  —  \  J.(qncos(nt)d:.  n  =  2p—  1. 

Jt  ' 


o  * 

>■,  „  =  —  |  y.^/i  sin  imidi.  n  =  2p  —  2. 
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Finally  placing,  (30)  and  (31)  in  (22)  and  (23)  and  taking  into 
account  (2),  we  finally,  substituting  (obtain  following  field  expressions 
H:,n  in  slot  (|z|<a): 


rt-t 


*,.,  —  -“.1  -rl'-"  **1 

n— l 

_(_1)  24<7|1_3!1]  V  p,t(iy, («?■—){.  n  =  2Pn 

V  q.  J /-0,2.4.  ' 


KtV- 11  21 


1  — 


also,  or.  screen  ($>“): 

i^T  If^T  [f- +  'ft  - f  "'■"(’T  !v  - 

r»— 1 

+  <-!>’ 2  =  ,(l-£j  ^ 

x  *  (-0.2.4... 

H,  .  -  - i *. I  T ! t  «i" '  (« T i-T  -  1  ft 1  - T  < * ■ T  It 

d)  7>«  discussion  cf  the  obtained  results. 


c39 1 

■i!'l+ 

(40) 

-4 

=  2  p+2 
(41) 
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Expressions  (38)  and  (39),  that  describe  field  in  the  slot 
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consist  even  three  neuters.  Ihe  first,  most  important,  represent  the 
field  of  geoaatric  optic/optics;  it  is  possibla  to  obtain  directly 
from  the  equation  of  Harwell,  assuaing/setting  E (y,  z)  —  £(0.  z)eTiiy  in 
the  vicinity  of  slot.  Special  attention  should  be  paid  to  the 
dependence  of  this  term  on  n.  With  n>g  the  phase  of  magnetic  field  is 
shifted  on  v/2  with  respect  tc  tbe  electric  field.  This  can  be  traced 
in  Fig.  3,  where  are  given  graphs/curves  in  relative  unity  H!n(z)  for 
q=8  (2a=4\)  and  different  n.  solid  lines  designate  modulus/module 
Hz.n(z).  and  broken  -  phase  Hi.n(z).  Graphs/curvas  are  constructed  on  the 
base  of  results  numerical  of  calculations. 
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Computation  of  Poynting's  vector. 

sow  we  can  raturn  to  the  initial  problem  and  compute  the  cower, 
transferred  through  the  slct.  A verage/mean  power  coefficient,  passing 
through  the  unit  of  area  of  slot, 

a 

I  -  (42, 

—a  n,  m 

Symbol  indicates  the  coapcsitely  con jugatod/combined  value. 

The  nonorthogcnality  of  the  postulated  partial  fields  which 
differ  from  the  eigenfunctions  cf  slot,  imply  the  presence  in  (4  2)  of 
"crossed"  products.  Po  email y  these  products  are  obliged  to  the  second 
and  third  terms  in  expressions  (38)  and  (39)  for  the  transverse 
magnetic  field. 

Substituting  (1)  and  (38)  or  (39)  in  (42)  and  carrying  out 
simple  transformations,  we  obtain  with  an  accuracy  to  the  unessential 
constant  factor 


n 
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where 


n — m 


a«  =  —-j  sin  (nt)  dt. 


For  odd  n  the  additicn  ir  the  sum  with  the  prime  must  be  carried 
out  through  odd  mr  and  in  the  sub  with  two  primes  -  on  even  1,  for 
even  n  -  vice  versa. 


It  is  similar  to  expression  for  the  obtained  result  consists 
of  three  members,  significant  role  in  the  transfer  of  power  plays  the 
first  of  them.  With  n=g  the  ccijnected  with  it  flow  disappears,  with 
n>g  is  contained  only  reactive  power.  The  remaining  terms  which  are 
obliged  to  the  connection/communication  between  the  partial  fields, 
describe  the  flew  of  both  active  and  reactive  power.  The  form  of 
these  terms  makes  it  possible  tc  consider  that  the  close  couplings 
occur  near  m=n. 


Thus,  with  n>g  the  flow  cf  active  power  through  the  slot  is 
obliged  to  the  prssenca  of  the  second  and  third  terms  in  the 
expression  for  and  it  is  significantly  connected  with  the 

accumulation  of  raacti va  power. 


DOC  =  81082101 


PAGE 


Page  32. 

Determination  of  stored  energy. 

Although  for  us  it  was  possible  to  find  expression  for  the 
composite  power  flux  however  there  are  no  data  about  the  total  energy 
cf  electrical  and  magnetic  fields,  accumulated  in  the  vicinity  slot. 

This  occurs  because  the  imaginary  part  of  Poynting's  vector  is 
proportional  to  a  difference  ir  the  mentioned  values. 

For  determining  the  total  energy  of  field  we  will  use  the  method 
of  equivalent  circuits.  Let  us  replace  the  space  into  which  emits  the 
slot,  by  the  set/dialing  cf  the  interconnected  circuits,  we  will 
consider  V„  as  the  input  injedance  (or  admittance)  of  the  n  circuit. 
If  exists,  it  is  continuous  and  takes  negative  (positive) 

i  (d 

values,  then  we  will  deal  concerning  the  consecutive  (parallel) 
circuit  concerning  input  impedance  Zn  (admittance  l'nr.  as  shown  in 
Pig.  4  (series  circuit)  and  5  (parallel  circuit).  Therefore 
expression  -i-J-  — h„h*.  can  be  treated  as  the  square  of  current  or 
voltage  on  the  input  of  the  n  circuit. 


7 

i 
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Thus,  to  each  partial  field  at  the  f ixed/racorded  frequency  will 
correspond  the  specific  current  (cr  voltage)  and  impedance  (or 
admittance)  . 

Por  determining  the  total  quadergy,  which  is  contained  in  each 


circuit,  lPt  us  use  the  method,  proposed  by  Chew  [4] 
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Fig.  4.  Pig.  5. 


Page  33. 

Let  us  replace  aach  circuit  with  the  simple  BLC-outline,  which 
possesses  ia  tha  vicinity  of  the  assigned  operating  frequency 
previous  dependence  on  the  frequency.  Then,  taking  into  account  that 

d  d 

w - =  q— —  •  the  total  reactive  power,  reserved  m  the  system, 

d  to  dq 

'•'a'.  =7-^^  V  -r?i*3r(2Im  (46» 

n  '  1  v 

Measure  of  superdirect icnality. 

It  is  now  already  easy  tc  introduce  the  following  measure  of 
superdirect ionality: 

q  __  1  cpejHflw  cvMMapHaw  peaKTUDHaa  3HeprHfl.  ianaceHHan  r  cHCTeve  (i) 

“  2  aKTHBHaR  3HeprHR.  TepweM.jfl  h  cmctcmc 

Key:  (1).  the  average/mean  total  quadergy,  stored  up  in  the  system. 
(2).  average/mean  active  enercy,  lest  in  system. 


which  in  the  case  of  the  resonant  slot  coincides  with  the  usual 


determination  of  the  energy  factor  of  resonant  circuit. 

The  introduced  value  is  the  convenient  aeasure  for  those 
physical  liaitations  which  are  inherent  in  the  electromagnetic 
radiation  of  slot.  These  limitations  are  obliged  to  the  large 
accumulation  of  quadergy  and  low  efficiency  in  the  r adiaticn/e mission 
of  the  highest  partial  fields,  excited  in  the  slot. 


In  the  general  case 


n  L 


.  r 


dq 


21 mUn\ 


^bnb’n{2J<'Un) 


(47) 


la  the  particular  case  when  only  n  partial  field  is  excited  in 
the  slot,  it  is  possible  tc  speak  about  its  measure  of  the 
superdirection  ail  it  y: 


Qn 


q\—  2  Im  U„ 
1  4? _ 


2Ret/- 


(48) 


As  an  example  Table  2  gives  values  Qn  for  q  =  8,  obtained  as  a 
result  cf  numerical  ca leu laticns.  They  are  light  to  note  that  for  n>q 
accept  the  substantially  high  values. 
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n 

1 

1 

I 

n  ! 

<3, 

i 

0,3184  10~ 1 

2 

0.4559  10"' 

3 

0.3657- 10—* 

4 

0,7911  10-1 

5 

0,4953- 10-1 

6 

0,2216 

7 

0,6096  - 10-1 

— 

— 

9 

0,3575  10* 

1C 

0,3203- 10* 

11 

0,4767  10* 

12 

0,4603  10* 

13 

0.6390  10* 

14 

0,6322- 10* 

15 

0,8487  IPs 

16 

0,8457- 10* 

17 

0,1109- 10* 

IS 

0,1108- 10* 

19 

0,1425  10* 

20 

0,1425-10* 

21 

0,1805  10* 

22 

0,1806- 10* 

23 

0.2254  10* 

24 

0,2252-10* 

Pag*  34. 


Conclusion /output. 


In  conclusion  we  come  tc  the  ccnclusicn  that  for  the  high  values 
of  n?tne  impartial  field  emits  less  effectively  and  requires 
larger  energy  content,  stored  up  in  the  vicinity  of  slot. 
Consequently,  in  practice  it  is  considered  advisable  to  consider 
only  partial  fields  with  n<q. 


This  conclusion  will  agree  with  the  classical  theory  of  the 


diffraction  where  it  is  disregarded  by  the  effect  of  the  highest 
types  of  fields  in  the  aperture  in  the  radiation  field. 
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SOLUTION  OP  THE  PBOBLEH  OP  THE  SYNTHESIS  OP  ANTENNAS  WITH  THE  AID  OP 
A  COHERENT  OPTICAL  SYSTEM. 

L.  D.  Bakhrakh,  Yu.  A.  Kolosov,  A.  P.  Kurochkin,  v.  I.  Trcitskiy  . 

In  the  article  are  given  the  results  of  the  theoretical  and 
experimental  study  of  the  task  of  the  synthesis  of  flat/plane 
aperture  with  the  use/applicat icn  of  a  coherent  optical  systea.  Are 
analyzed  the  net  hods  of  the  optical  simulation  of  antennas  in 
connection  with  the  task  of  synthesis.  Are  examined  the  special 
f eatures/peculiar ities  of  the  recording  of  the  transparencies,  which 
imitate  the  preset  composite  radiation  patterns.  Are  given  the 
diagram  of  optical  installation  for  the  synthesis  of  antennas  with 
the  flat/plane  aperture  and  the  results  of  the  synthesis  of  some 
radiation  patterns. 

introduction. 


It  is  known  that  for  the  flat  antennas  with  the  large  electrical 
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sizes/dimensions  of  aperture  the  task  of  synthesis  can  be 
sufficiently  accurately  seized  hy  the  rotation/access  according  to 
Fourier  of  the  preset  radiation  pattern.  In  the  majority  of  the  cases 
the  analytical  expression  of  Pcurier  transform  preset  diagram  is 
absent  and  it  is  necessary  to  resort  to  the  numerical  integration.  In 
these  cases  the  solution  cf  problem  is  accompanied  by  bulky  and 
prolonged  computations  ef«n  during  the  use/application  of  TsVH 
[digital  computer].  Besides  entire  other,  a  similar 
operation/process,  as  is  known,  it  is  mathematically  incorrect. 

On  the  other  hand,  it  is  known  that  the  lens  in  the  coherent 
optical  system  realizes  a  two-dimensional  Fourier  transform  of  one 
focal  plane  into  another  [11.  This  fact  makes  it  possible  to  utilize 
an  optical  system  for  the  solution  cf  the  problem  of  the  synthesis  of 
antennas  with  the  flat/plane  aperture,  i.e.,  the  determination  of 
field  in  the  aperture  by  the  preset  radiation  pattern  [2]. 

Optical  simulation  reduces  the  problem  indicated  to  the  tasks  of 
producing  the  transparency  with  the  recording  of  the  preset  function 
and  recording  of  the  obtained  distribution  of  light  field.  In 
connection  with  the  simulation  cf  radiation  patterns  these 
o perations/procasses  are  sufficiently  developed.  The  solution  of 
these  problems  in  the  case  cf  the  synthesis  of  antennas  has  a 
series/row  of  the  special  features/peculia  rities  which  consist  of  the 
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following.  First,  the  amplitude  characteristic  of  radiation  pattern 
has,  as  a  rule,  considerable  drcps/junps  in  the  levels. 

Page  48. 

since  photographic  latitude  and  noises  of  photoeaulsion  are  final, 
the  recording  of  such  distributions  presents  difficulties.  In  the 
second  place,  with  the  synthesis  of  antennas  it  is  necessary  to 
measure  not  only  amplitude  distribution,  but  also  phase  of  light 
field.  Finally,  the  intensity  of  the  signal  of  substances  the  forming 
aperture  is  sufficiently  weak,  and  therefore  the  significant  role 
have  the  noises  of  optical  system. 

In  the  work  are  examined  the  fundamental  and  technical  problems 
of  the  resolution  of  the  task  of  the  synthesis  of  antennas  with  the 
aid  of  the  coherent  optical  system,  are  given  the  results  of 
investigation  on  the  synthesis  of  the  simplest  distributions. 

Diagram  of  the  solution  of  the  problem  of  synthesis  with  the  aid  of 
the  coherent  optical  systen. 

Radiation  pattern  in  the  general  case  is  composite  function,  and 
for  its  reproduction  in  the  optical  system  it  is  necessary 
simultaneously  with  the  amplitude  modulation  to  ensure  phase 
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modulation  of  light  wave.  Most  simply  task  it  would  be  possible  to 
solve  via  location  in  the  field  of  the  light  wave  of  transparency 
with  the  variable/alternating  transparency  and  by  thickness. 
Unfortunately,  it  is  sufficient  developed  method  of  production  with 
the  optical  accuracy  of  the  filas  of  variable/alternating  thickness, 
which  ensure  direct  three-dimemsional/space  phase  modulation  of  light 
wave,  there  does  not  exist.  Therefore  for  the  creation  of  the 
amplitude- phase  distribution,  which  coincides  from  the  preset  by 
radiation  pattern,  it  is  necessary  to  utilize  different  indirect 
methods  which  make  it  possible  tc  fore/shape  the  required 
distribution  of  light  field  with  the  aid  of  the  transparencies,  which 
have  only  variable/alternating  transparency.  Por  determining  the 
amplitude  distribution,  which  ensures  as  a  result  of  conversion  the 
Dreset  phase,  can  be  used  the  methods  of  the  mixed  synthesis  of 
antennas  [3,  4]  or  the  method  of  recording  on  the  carrier 
three-di mansional/space  frequency.  The  present  investigations  were 
conducted  during  the  recording  of  radiation  patterns  by  the  second  of 
the  methods  indicated. 

If  g(x,  y)  and  *(x,  y)  -  respectively  amplitude  and  phase 
radiation  patterns,  then  in  accordance  with  the  method  of  recording 
at  the  carrier  three-dimensicral/space  frequency  is  manufactured  the 
transparency  the  coefficient  cf  transmission  of  which  is  changed 
according  to  the  law 
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p(x-  y<  =  fa«- &n  Q'-X.  l/)l*COS[u,x4-Uly  T-<p(x,  (1) 


moreover 

C  1,  o,>  6* 

Here  a0  and  b0  -  amplitude  of  constant  component  and  radiation 
pattern;  u,,  u*  -  components  cf  the  carrier  three-dimensional/space 
frequency;  x,  y  -  coordinate  in  the  plane  cf  transparency. 

Page  49. 

Field  in  the  focal  plane  of  the  lens,  in  front  focus  of  which  is 
placed  the  transparency  with  the  recording  of  the  distribution  of 
form  (1),  it  is  possible  to  present  in  the  form  three  components,  one 
of  which  is  the  Fourier  transform  the  preset  radiation  pattern  and  is 
arranged/located  in  the  vicinity  of  the  point; 


where  f  -  focal  length  of  lens,  transverse  (Cartesian) 

coordinates  in  the  output  plane.  This  distribution  is  the  solution  of 
the  problem  of  synthesis. 

Second  component  F2{l,r\}  is  formed/shaped  in  the  vicinity  of 
point  5= — — ~  and  it  proves  to  be  coapositely 
con jugated/coabined  with  the  Fourier  transform  of  the  preset 
radiation  pattern.  Third  coapcnent/term/addend  -  "constant  component" 
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—  Fo(*.  n)  is  the  Pourier  transfers  of  ev»n  distribution  with  an 
amplitude  of  a0. 

Photographic  recording  of  distributions  at  the  carrier 
three-dimensional/space  frequency. 

For  the  recording  of  radiation  pattern  at  the  carrier 
♦•hree-dimensional/space  frequency  it  is  necessary  to  prepare  the 
transparency  the  coefficient  cf  transmission  of  which  is  changed 
according  to  the  law  (1).  Virtually  lapping  recording  it  is  realized 
by  a  photographic  eethod. 

Let  us  exaeine  soie  special  features/peculiarities  of  this 
recording.  The  first  special  feature/peculiarity  is  connected  with 
the  limited  photographic  latitude  and  the  amplitude  noises  of  film. 
By  photographic  latitude  of  film  here  is  understood  the  ratio  of  the 
maximum  and  minimum  coefficients  of  transmission,  which  can  be 
realized  with  the  aid  of  the  photographic  film  in  the  limits  of  the 
linear  section  of  characteristic  curve.  Por  the  majority  cf 
photoemulsions  this  relation  has  value  on  the  order  of  100.  In  the 
recording  the  maximum  coefficient  of  transmission  corresponds  to  the 
points,  at  which  function  (1)  is  maximnm.  Is  obvious,  P«tKc=  (a<,+60)*. 
Pespectively  pm-  (a^—bo) \  Prcm  condition  _  ioo  *e  find  that  , 

Putin 

—  0,8.  The  amplitude  noises  cf  photographic  film  are  connected  with 
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qrain  structure  of  photon aulsicn.  The  root -mean-square  deviation  of 
♦■he  amplitude  factor  of  transmission,  which  corresponds  to 
average/mean  photographic  density  1.5,  for  the  utilized  photographic 
material  coaposes  0.02.  Consequently,  the  values  of  function  g(x, 
y)are  less  than  0.02,  prove  tc  t<?  at  the  level  of  noise  and 
accurately  they  cannot  be  reproduced. 

Page  50. 

°elative,  for  example,  to  the  recording  of  functionfsin  otx/otx) 
latter/last  evaluation/estimate  means  that  via  recording  at  the 
carrier  three-diaensio nal/space  frequency  it  is  possible  tc  reproduce 
only  on  10  lobes/lugs  to  each  side  fron  the  principal  maximum. 
However,  as  show  experiments,  this  it  is  completely  sufficient  for 
the  synthesis  of  uniform  linear  aperture. 

The  second  special  feature/peculiarity  of  recording  is  connected 
with  the  limited  resolution  of  recording  equipment,  that  it  does  not 
mate  it  possible  to  accurately  reproduce  function  (1).  Host 
noticeably  this  special  feature/peculiarity  is  developed  during  the 
recording  of  tha  radiation  patterns,  which  have  complicated  phase 
response.  An  increment  in  the  phase  is  evinced  by  a  change  in  the 
period  of  carrier,  and  in  order  to  correctly  transmit  this  change,  it 
is  necessary  in  the  Units  of  each  period  to  have  sufficiently  large 
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number  of  elements/cells  of  recording.  Por  this  it  is  necessary  to 
increase  the  overall  size  of  recording,  which  leads  to  the  decrease 
of  sizes  of  the  forsing  aperture  and  it  is  connected  with  tha 
inconveniences  of  neasureaents.  During  the  recording  of  the  radiation 
patterns  which  are  expressed  by  the  real  functions,  which  take 
positive  and  negative  values,  liaitations  in  the  resolution  are 
manifested  to  a  lesser  degree.  In  this  case  it  is  possible  not  tc 
reproduce  precise  values  of  function  p(x,  y)  within  the  limits  of  the 
period  of  carrier,  but  to  write/record  only  its  values  in  those 
currents  where  cos  ux  takes  value  of  *-1.  Por  example,  in  the  case  of 
one-dimensional  film  recording  is  reproduced  the  function 

P  (*»)  -  +  b,  ( —  1 )"  g(n  A  *))*.  (2) 

"This  recording  is  equivalent  to  the  replacement  by  the 
sinusoidal  carrying  by  square  pulses  length,  equal  to  the  half-period 
of  sinusoid.  Por  each  period  of  carrier  now  fall  only  two 
“lements/ce 11s  of  recording,  and  it  means,  the  density  writing  of  the 
preset  function  g(x,  y)  can  be  sufficiently  high.  It  is  obvious  that 
the  rectangular  shape  of  pulses  is  not  necessary.  It  is  required  only 
so  that  correctly  would  be  transmitted  the  values  of  the 
written/recorded  function  in  the  maxiaums  of  carrier.  Thus,  as 
carriar  can  serve  any  periodic  function.  In  the  case  of  carrier, 
different  from  the  sinusoid,  appear  the  images  of  aperture  at  the 
three-diaensional/space  frequencies  of  multiple  ones  to  fundamental 
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frequency. 

Actually/really,  let  the  carrying  signal  s(x)  periodic  and  its 
Fourier  series  take  the  fcra 

*(*)  “*  C'COSytlX,  (3) 

n— I 

where  2#/T=u  -  fundaaental  frequency.  Substituting  s  (x)  into  fcruula 
(1)  ,  we  will  obtain 

P  (*.  y)  =  [aB  -f  Vi£  (x,  y)  cos  ux  +■  V*g  (x,  y)  cos  2ux  +  .  ,  .]».  (4) 

Paqe  51. 

The  first  two  members  in  expression  (4)  coincide  with  the 
functions,  entering  in  (1),  and  the  third  and  those  following  cause 
the  preset  radiation  pattern  at  the  three-diaensional/space 
frequencies,  aultiple  of  basis.  The  presence  of  these 
conpon  ants/ter  ns/addends  in  the  written/recorded  distribution  l=»ads 
to  the  appearance  of  suppleiertary  inagas  of  aperture  in  the 
appropriate  places  for  focal  plane.  However,  the  intensity  of  these 
images  proves  to  be  small,  since  during  the  practical  recording  s(x) 
it  is  such,  that  always  |cn|<|ci|  for  any  n>1. 

Aaplitud®  relationship  sAatios  with  the  synthesis  of  uniform  linear 
and  rectangular  apertures. 
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The  question  about  the  amplitude  re lationships/ratios  with  the 
solution  of  the  problem  of  synthesis  with  the  aid  of  the  optical 
system  arises  on  the  following  reason.  Of  the  aforesaid  above  it  is 
clear  that  si  muLtaneously  with  unknown  field  Ft{l,  q)  is  always  present 
the  field  of  constant  component  F0(%,  q).  Function  :F0(l,  r|)  decreases  with 
‘he  increase/growth  5  and  q  and  in  the  region  of  shaping  cf  useful 
distribution  has  low  values  relative  to  its  maximum.  However,  as  it 
will  be  shown  below,  the  intersity  of  field  fitXni  is  also  snail. 
Consequently,  the  presence  even  cf  weak  extraneous  field  can  lead  to 
*he  undesirable  distortions  consisting  in  the  parasitic  oscillations 
cf  the  intensity  of  field  in  the  forming  aperture,  on  the  same  reason 
th*1  significant  role  play  the  noises  of  optical  system.  Fundamental 
energy  of  field  at  the  output  cf  transparency  falls  to  the  constant 
component;  the  noises  of  system  are  determined  in  essence  by  area  and 
diaphragm  shape,  which  limits  light  field  at  the  output  of 
transparency  with  recording  (1).  It  is  obvious,  formation  conditions 
for  useful  distribution  depend  cn  the  form  of  diaphragm  to  a  lesser 
degree  when  field  g(x,  y)  out  cf  the  aperture  of  diaphragm  is 
sufficiently  weak.  Therefore,  selecting  by  correspondingly  form  and 
size/dimension  of  the  forminq  aperture,  it  is  possible  to  bring 
together  undesirable  distortions  to  the  minimun.  Let  us  determine  th“ 
relatiorship/ratio  of  useful  and  interfering  signals  based  on  the 
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example  of  the  synthesis  of  linear  and  rectangular  apertures  with  the 
uniform  cophasal  distribution. 

The  radiation  pattern  of  linear  aperture  with  the  uniform 
cophasal  distribution  takes  the  form 

g(x)=  -  .  (3) 

a  x 

Function  (5)  is  not  composite;  however,  it  takes  both  positive  and 
negative  values,  that  it  does  rot  make  it  possible  to  reproduce  it 
directly  with  the  aid  of  the  transparenc y,  which  has  only 
variable /alternating  transparency. 

Page  52. 

Let  us  record  the  preset  diagran  on  the  carrier 

t-hre»-dimersjonal/space  frequency,  for  which  in  accordance  with  (1) 
let  us  prepare  transparency  with  the  coefficient  of  transmission, 
which  changes  according  tc  the  law 

X  -r  b'Cosux  yy  i*  npn  |*j  <  y ,  |y[  <  y  , 

pi*-y)=  ax  (6) 

0  nj5H  |*|  >  y  .  \y\  >  y 

Fey:  ( 1)  .  with. 

During  the  recording  the  transparency  always  has  finite 
dimensions,  that  also  is  reflected  by  the  corresponding  inequalities 
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in  formula  (6).  Proa  the  point  of  view  of  useful  signal  the  limited 
sizes/di  Mansions  of  transparency  do  not  play  the  significant  role,  if 
in  interval  |*l<—  is  arranged/located  a  large  nuaber  of  lobes/lugs 
of  radiation  pattern,  which  occurs  with  «1»1.  Calculating  for  this 
by  g(x)  function  Ft(|,  n),  foil,  t|),  it  is  possible  to  find  that  the 
ratio  of  field  level  of  useful  signal  to  the  constant  value  component 
in  the  region  of  shaping  cf  the  synthesized  aperture 

M  =  n  —  —  ,  (7) 

2c,  T  '  ' 

where  T  -  period  of  the  carrier  three-dime nsional/space  frequency: 

-  extent  along  x  axi3  of  one  lobe/lug  of  radiation  pattern  on 
the  transparency. 


In  the  case  of  rectangular  aperture  the  coefficient  of  the 
transmission  of  transparency  takes  the  form 


pix,  1/1  = 


i  i  sin  a  x  sin  s  y 

a0  -4-  b0cosux - — 2- 


«*•*  fly  J 


2  ,  ,  .  I  |  .  h 

nP«  W  y  -  \y\  **  —  • 

Q  I  L 

np«  Ixl  —  ,  \y\  >  . 


<*) 


Key:  (1).  with. 


The  distribution  of  constant  component  depends  on  the 
orientation  of  the  rectangular  diaphragm,  which  limits  the 
sizes/dimensions  of  transparency.  Let  us  examine  two  cases.  In  the 
first  -  th“  pair  of  the  sides  cf  rectangle  is  perpendicular  to  x 
axis,  i.e.,  it  is  parallel  to  the  bands,  which  fill  the  lofces/lugs  of 
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radiation  pattern  (see  Pig.  3).  The  secondly  -  the  sides  of  diaphragm 
are  directed  at  angle  toward  the  direction  indicated. 


Onder  the  assunption  «1>>1  and  0h>>1  it  is  possible  to  find  for 
the  case  when  the  sides  of  limiting  diaphragm  are  parallel  to  the 
bands,  which  fill  the  lobes/lugs  of  radiation  pattern,  that 

M  =  -  —  —  —  .  (9) 

2a,  T  h 

where  r,  q  -  respectively  the  sizas/dim" nsions  of  the  lobe/lug  of 
radiation  pattern  along  x  and  y  axes. 

Page  53. 


w h •=•  r.  square  diaphragm  with  the  side  1  is  expanded/scanned  at  angle  of 
45°  to  the  direction  of  bands,  value  is  maximum  and  is  determined 
by  the  formula 


M  = 


*0  rj  '  <1 

4a,  '  T  T 


(10) 


Thus,  the  ratio  of  useful  signal  to  that  mixing  in  the  cases 
examined  is  given  by  expressions  (7),  (9),  (10).  Value  b0/a0  entering 
in  them,  characterizes  the  ratio  of  constant  component  to  the  maximum 
of  +he  written/recorded  signal  and  is  selected,  as  a  rule,  the  equal 
to  0.5-0. 8  of  the  considerations  of  linearity  recording  (see  above). 
It  is  obvious,  the  accuracy  of  the  determination  of  distribution  ir. 
the  aperture  will  be  the  greater,  the  greater  the  value  H.  On  the 
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basis  of  the  obtained  relaticnships/rati  os  we  coae  to  the  conclusion 
that  for  this  it  is  necessary  to  increase  a  number  of  periods  of 
carrier  in  the  liaits  of  each  lcbe/lug  of  radiation  pattern.  In  this 
case,  however,  operate  the  following  limitations.  An  increase  in  the 
size/diaension  of  lobe/lug  with  the 

retention/preservation /maintaining  of  period  leads  to  the  decrease  of 
size  of  the  forming  aperture,  which  creates  difficulty  in  the 
measurement  of  distribution  ^i(i.  h)  Wheraas  the  decrease  of  the  period 
of  recording  is  limited  by  the  possibilities  of  recording  equipment, 
usually  the  step/pitch  of  recording,  realized  in  the  available 
equipment,  it  is  0.02  am.  in  this  case  for  example,  considering 
r=g=0. 1  and  as  the  h=3  am,  w«  find  that  N  equally  to  with  respect  4; 
0.  1  and  30. 

A  decrease  in  the  level  of  the  constant  component  in  the  region 
of  shaping  of  aperture  can  be  also  achia ved/reached  by  use  during  the 
recording  of  function  p(x,  y)  cf  supporting/reference  component  of 
form  ar\x.  y\  with  values  of  r(x,  y)  ,  which  abate  to  the  edges  cf 
aperture  [r(x,  y)  £1  ]  under  ccrdition  a0r(x,  y)>b0g(x»  y)  .  For  the 
selection  of  function  r(x,  y)  it  is  possible  to  use  the  fcncwn 
dependences  between  the  side-lcbe  level  of  radiation  pattern  and  the 
means  of  distribution  in  antenna  apertur®. 

Experiments  show  that  in  the  optical  system  the  ratio  of  useful 
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signal  to  that  mixing  is  sufficiently  close  to  the  value,  obtained  on 
the  basis  of  formulas  (7)  and  (9),  and  strongly  it  differs  from  the 
value,  given  by  formula  (10).  The  reason  for  disagreement  consists  of 
the  following.  All  preceding/Fte vious  formulas  are  written  under  the 
assumption  about  the  fact  that  the  interference,  superimposed  on  the 
useful  image,  are  the  remote  lcbes/lugs  of  the  regular  diffraction 
pattern  of  constant  component  fo(S.'i)-  In  the  first  two  cases  examined 
this  assumption  it  proves  to  fce  valid.  But  in  the  case,  when  image  is 
?ormed/s haped  in  the  diagonal  section  of  constant  component,  the 
level  of  the  mixing  field  is  determined  by  the  noises  of  optical 
system,  proportional  to  the  maximum  of  constant  component  F0(i.r))-  It 
is  easy  to  find  that  the  ratic  cf  useful  signal  to  the  interference 
is  inversely  proportional  to  the  area  of  limiting  diaphragm  lh: 

M5-  u>  .  i 

MO,  0)  lh  ' 

Page  54. 

Thus,  tc  the  sizss/dimensions  cf  diaphragm  are  presented 
contradictory  requirements,  on  cne  hand,  of  the  condition  of  the  most 
precise  reproduction  of  field  in  the  aperture  it  is  desirable  to  have 
large-size  how  possible  diaphragm.  However,  from  the  point  of  view  of 
*he  smallest  effect  of  the  noises  of  optical  system  it  is  necessary 
to  decrease  the  size/d ime nsicn  cf  diaphragm. 
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Experimental  results. 

As  it  was  noted  above,  one  of  the  special  fe^ tures/pecnliar ities 
of  the  solution  of  the  problea  of  the  synthesis  of  antennas  is  the 
need  of  determining  phase  field  distribution  in  the  aperture. 

In  the  present  work  for  aeasuring  the  phase  was  utilized  the 
method,  which  consists  in  recording  of  interference  pattern,  which  is 
formed  as  a  result  of  adding  the  measured  field  with  the 
supporting/reference,  by  the  field  whose  distribution  is  known.  The 
special  features/peculiarities  cf  this  method  in  connection  with  the 
measurement  of  phase  distribution  in  th9  optical  range  arc  examined 
in  work  [5]. 

Experiments  in  the  synthesis  of  antennas  were  moved  cn  the 
installation  whose  schematic  was  depicted  in  Pig.  1.  The  lower  part 
of  the  diagram  ( microa perture  3,  microscope  objective  2,  collimator 
4,  converting  Ians  6)  is  analogous  to  the  diagram,  utilized  during 
the  optical  simulation  of  radiation  patterns.  Semitransparent  mirror 
4  splits  the  beam  of  laser  tc  twc,  moreover  so  that  the  power,  which 
go?s  into  the  lower  (fundamental)  channel  cf  system,  considerably 
exceeds  power  in  the  suppcrtirg  channel.  As  the  collimator  of 
supporting  channel  serves  the  converting  lens  of  6  fundamental 


channels 
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Page  55. 

Plane-parallel  plate  12  turns  at  necessary  angle  the  front  of 
support! ng/referencs  beam  with  respect  to  output  plane  7. 

Transparency  5  with  the  recording  of  radiation  pattern  and  limiting 
diaphragm  13  were  placed  in  the  front/leading  focal  plane  of  lens  6 
taking  into  account  the  effect  cf  plate  12.  As  collimator  4  and 
converting  lens  6  were  utilized  the  objectives  in  focal  length  400 
mm.  As  the  light  source  served  a  laser  generator  of  the  type  LG- 35  in 
wavelength  6328  A,  which  works  in  the  one-mcde  mode/conditions. 

Investigations  were  conducted  with  the  radiation  patterns  of  the 

form 

n  x 
sin  — 

nx  COS  ('t  4-  •  (11) 

2 
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which,  as  it  is  known  [6],  are  created  by  linear  aperture  by  length 
2 w  with  the  unifora  aaplitude  distribution  and  by  phase  distribution, 
which  changes  according  to  the  law  (Pig.  2): 

<f  (y)  =  0<y<-j  ( (■)) 

y{y)  =  — if,  — «  <  y  <  ^  I 

Purthatmore,  was  conducted  the  synthesis  of  the  square  aperture, 
which  has  radiation  pattern  !12iL£  HHfLf  ,  which  corresponds  to  cophasal 

ax  ay 

equal- amplitude  distribution. 

Transparencies  with  the  recording  of  radiation  patterns  at  the 
carrier  three-dimensional/space  frequency  were  manufactured  with 
photographic  method  on  the  photographic  plates  of  the  type  "diktat". 
Recording  was  conducted  at  the  different  values  of  the  period  of  the 
carrier  three-dimensional/space  freguency,  the  approximately  equal  to 
0.  02,  0.04,  0.08  am-*  and  aa/b0=2.  From  the  considerations  of  maximum 
density  and  simplicity  of  recording  the  carrying  signal  was  assigned 
in  *he  form  of  the  sequence  of  sguare  pulses  with  the  width,  equal  to 
the  half-period  of  carrier. 
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Pig.  2. 


Page  56. 


Due  to  scatter  of  light/world  in  the  emulsion  layer  and  blurred  image 
of  the  edges  of  the  recording  3lot  the  carrying  signal  was  somewhat 
different  from  the  sequence  of  square  pulses.  This  property  of 
recording  in  this  case  is  useful,  since  it  leads  to  the  decrease  of 
the  value  of  signals  at  the  three-dimens ional/space  frequencies, 
multiple  to  fundamental  frequency. 

Pig.  3  depicts  photographs  of  the  recording  of  the  radiation 
patterns,  which  correspond  tc  formula  (11)  with  ;\  =0;  »/4 ;  w/2 ;  »; 
with  the  period  of  the  carrier  0.08  mm-1,  while  in  Fig.  4  -  the 
microphotogram  of  the  recording  of  radiation  pattern  at  the  carrier 
frequency  when  tf  =  0.  i.  e.  diagram  iHiL'  (Pig.  3a).  On  the 

n  x 

microphotogram  are  noticeable  the  noises  of  recording  the  caused  by 
grain  structure  photoeaulsions  and  leading  to  the  divergences  cf 
results  recordings  from  the  preset  function,  by  especially  noticeable 


in  the  region  of  weak  side  lobes.  Statistical  processing  of 
microphotograes  shows,  however,  that  on  the  average  the  preset 
function  is  reproduced  with  the  relative  accuracy  not  worse  than 
lOo/o.  For  eliminating  the  effect  of  the  phase  noises  of  photographic 
material,  caused  by  the  inconstancy  of  the  thickness  of  emulsion  and 
support/base,  the  transparencies  with  th9  recording  of  radiation 
patterns  were  placed  into  the  iimersion  (cedar  or  castor  oil) . 
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Pig.  3. 


Page  57. 

Pig.  5  depicts  the  photograph  of  fi9ld  distribution  in  the 
output  plane  for  the  case  of  the  synthesis  of  square  aperture  with 
<r=(J*6»;  u=80»  [see  (8)  ]• 

The  iaage  of  aperture  (a)  is  foraed/shaped  at  a  distance  of  10.5 
aa  froa  the  aaxiaua  of  constant  coaponect  (b)  .  The  square  diaphraga 
(see  13  in  Fig.  1)  by  the  size/diaension  3x3  of  am2,  that  limits  the 
aperturs  of  transparency  with  the  recording  of  radiation  pattern  at 
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the  carrier  three-dime nsicnal/space  frequency,  was  oriented  at  angl 
of  45°  to  the  direction  of  the  bands,  which  correspond  to  the 
carrying  signal. 


Page  58. 


Pig.  6  depicts  the  photograph  of  distribution  in  the  output 
plane  in  the  case  of  the  synthesis  cf  linear  aperture  with  u=5  0»  and 
^=0.  I®  Pig .  6  are  noticeable  the  images  of  aperture  at  the 
t hree-dieensional/space  frequencies,  multiple  to  fundamental 
frequency,  which  were  discussed  above.  The  intensity  of  these  images 
is  mora  than  by  an  order  lower  than  intensity  of  image  at  the 
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fundamental  frequency.  At  other  values  tf  is  observed  the  similar 
pattern.  Por  decreasing  the  level  of  the  constant  component  in  the 
region  of  shaping  of  aperture  the  lateral  sides  of  aperture  13,  which 
limits  field  at  the  output  of  transparency,  were  arranged/located  at 
small  (20-30°)  angle  to  each  other,  rn  this  case  was  utilized  the 
known  property  of  flat/plane  aperture  in  the  form  of  trapezoid,  which 
consists  in  the  fact  that  in  the  flat/plane  section  of 
three-dimensional/space  radiation  pattern,  parallel  to  the 
foundations  of  trapezoid,  the  level  of  lobes/lugs  is  considerably 
lower  than  the  level  of  the  lches/lugs  of  rectangular  aperture  in  the 
same  section. 

The  distributions,  depicted  in  Fig.  5  and  6,  correspond  to  the 
case  when  reference  signal  is  absent,  and  they  naJce  it  possible  to 
determine  amplitude  distribution  in  the  aperture.  The  results  of 
measurements  show  that  it  is  close  to  the  uniform;  however,  are 
obs»rved  the  small  divergences,  caused  by  the  background  of  constant 
component.  With  the  synthesis  cf  linear  aperture  they  have  regular 
character  and  can  be  easily  measured  or  calculated  independent  of  the 
forming  distribution  and  ar®  introduced  into  the  final  results  as  the 
correction.  With  the  noise  character  of  background  the  latter  is 
considered  by  the  corresponding  statistical  processing. 


Por  measuring  the  phase  distribution  was  input/eabedded  the 
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plane  supporting /ref erence  wave  whose  intensity  was  selected  by  the 
equal  to  the  intensity  of  field  in  the  aperture,  obtained  in  this 
case  pictures  are  depicted  in  Fig.  7.  Hhen  supporting/reference  wave 
falls  to  the  output  plane  at  the  angle,  which  differs  from  90°, 
appears  interference  figure,  width  and  orientation  of  which  depend  on 
angle  of  incidence.  Proa  Fig.  7a  it  is  evident  that  the  bands  have  on 
everything  apertures  equal  width.  Moreover  structure  regularity  is 
not  disrupted  during  their  arbitrary  orientation.  These  facts  testify 
about  the  constancy  of  phase  in  the  synthesized  aperture. 

For  measuring  the  phase  the  front  of  supporting/reference  beam 
was  established/installed  at  the  zero  angle  to  the  measurement  plane, 
obtained  in  this  case  picture  is  depicted  in  Pig.  7b.  The  intensity 
cf  total  field  at  any  point  cf  aperture  comprises  not  more  than  0.02 
fr 3m  the  intensity  of  reference  signal.  Consequently,  the  divergences 
of  phase  froa  the  constant  value  within  the  liaits  of  aperture  dc  not 
exceed  10°. 

Pig.  8  as  an  exaaple  gives  the  pictures  of  field  distribution  of 
output  plane  with  the  synthesis  cf  linear  aperture  for  ^=0  and 
feasurenents  of  phase  distribution  in  the  aperture,  which  is  formed 
into  the  result  of  the  synthesis  of  the  radiation  patterns  of  form 
(11)  whan  f  =  0,  -y.  y.  give  the  values  of  a  phase  difference  on  the 

faults  of  aperture,  the  respectively  equal  to  0°,  to  45°,  90°,  180° 
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(with  accuracy  of  ♦-7°),  close  to  the  given  ones.  The  coincidence  of 
the  preset  phase  distributions  with  those  measured  testifies,  on  one 
hand,  about  the  high  accuracy  of  shaping  of  distribution  in  the 
synthesized  aperture  and,  therefore,  about  the  sufficiently  high 
accuracy  of  the  recording  of  transparencies,  on  the  other  hand,  about 
the  possibility  of  measurement  with  the  high  accuracy  of  phase 
d istribution. 

Page  59. 

Conclusi  on. 

The  results  of  theoretical  and  experimental  studies  make  it 
possible  to  make  a  conclusion  about  the  possibility  of  using  the 
coherent  optical  systems  for  the  solution  of  th9  problem  of  the 
synthesis  of  antennas.  The  problem  of  the  recording  of  composite 
radiation  patterns  is  solved  with  the  aid  of  the  method  of  recording 
at  the  carrier  three-dimensicnal/space  freguency.  Appearing  in  this 
case  interferences,  connected  with  the  background  of  constant 
component,  can  be  suppressed  by  the  adequate/approaching  selection  of 
size/dinension  and  diaphragm  shape,  value  of  the  carrier  frequency 
and  form  of  reference  signal.  The  problem  of  determining  the  phase 
distribution  with  a  sufficient  accuracy  is  solved  by  the  measurement 
of  interference  pattern,  which  is  formed  as  a  result  of  adding  the 
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forming  field  with  the  known  reference  signal. 

Is  considered  by  advisable  further  developsent  of  the  synthesis 
of  antennas  by  the  net  hod  of  optical  simulation,  in  particular, 
development  of  the  methods  of  the  synthesis  of  antennas  with  the 
nonplanar  aperture. 


’■*  . 
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THIN  MAGNETIC  IMPEDANCE  ANTINHAS. 

E.  A.  Glushkovskiy ,  B.  M.  Levin,  Ye.  Ya.  Rabinovich. 

Are  given  the  results  cf  applying  the  impedance  boundary 
conditions  to  the  solution  of  the  problem  about  the  excitation  of 
t hin  magnetic  radiator/rescnatct/element.  Specifically  are  examined 
the  thin  ferrite  of  the  finite  length,  axcited  by  the  framework,  and 
the  narrow  slot,  gashed  in  th*  conducting  cylinder. 

In  the  preceding/previous  work  of  the  authors  [1-3]  were 
investigated  thin  electrical  impedance  antennas.  Osing  the  obtained 
there  results,  in  the  present  week  will  be  examined  magnetic 
impedance  radiators/resonators/elements,  i.e.,  the  antennas  on 
surface  of  which  it  is  possible  to  formulate  boundary  conditions  of 
the  type 


where  and  H.  -  components  cf  the  intensity/strength  of 
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respectively  electrical  and  sagnetic  fields:  zy|*  -  orthogonal 
coordinates  on  the  surface  of  antenna;  Z  -  surface  impedance,  in  the 
general  case  conposite. 

In  this  case  will  be  investigated  the  case,  when  impedance  Z 
affects  current  distribution  already  in  the  zero  according  to  x  the 

2!n  -i-j  -  low  parameter.  (Here  l  - 
the  reach  of  radiator/rescnatcr/element,  a  -  a  radius  of 
radiator/resonator/ele sent) .  Such  antennas,  as  it  will  be  shown 
below,  are,  in  particular,  the  aagnetic  bar,  excited  by  the 
framework,  and  the  narrow  slot,  gashed  in  the  conducting  cylinder. 
These  antennas  were  investigated  by  the  method  of  eigenfunctions  by 
A.  A.  Pistol'kors  [4-6  ].  In  the  works  indicated  primary  attention  was 
given  to  the  explanation  of  the  structure  of  electromagnetic  field 
and  to  tha  determination  of  the  transmission  modes,  which  appear 
during  different  excitation  of  these  antennas. 

In  this  work  it  will  be  shewn  that,  using  the  concept  of  surface 
impedance,  it  is  possible  easily  to  obtain  and  to  clearly  interpret 
the  serias/row  of  the  fundamental  conclusicn/output,  done  in  [4-6], 
to  do  a  series/row  of  new  ccnclusion/output,  and  to  also  record 
«xpression  for  this  virtually  interesting  characteristic  as  input 
antenna  resistance. 


I 
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Magnetic  current  distribution  along  the  antenna.  Input  resistance. 
Radiation  pattern. 

In  wort  [7]  was  obtained  the  integrodifferential  equation  for 
the  magnetic  current  J,  which  flows  along  the  impedance 
radiator/resonator /element  (along  the  axis  z)  : 

J"  +  (A’-2iAZ0-^-|7=-4-i  ~G{J-  ^  121 

where  t  -  wave  propogation  constant  in  the  free  space,  mo  and  Z0  - 
respectively  magnetic  permeability  and  wave  impedance  of  free  space. 

It  is  obvious  that  for  tie  expression 

Al=J/**“2i^T  ,3) 

it  is  necessary  to  ascribe  tfce  sense  of  the  propagation  constant  of 
magnetic  current  along  the  radiator/resonator/element  in  question. 

Proa  expression  (1)  it  is  evident  that  with  satisfaction  of 
condition  —  —  — -  the  impedance  will  affect  the  propagation  of 
current  already  in  the  zero  approximation,  and  also,  that,  if 
impedance  Z  purely  reactive/ jet  and  does  not  satisfy  the  inequality 
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k1  —  2\—  —  >  0.  (4) 

Q  2 

then  propagation  constant  ltt  will  be  imaginary,  i.e.  ,  magnetic 
current  will  not  be  propagated  along  the  antenna. 

□sing  the  results,  obtained  in  [2]  for  the  electrical  impedance 
antennas,  it  is  possible,  without  solving  equ.  (2),  to  write  formulas 
for  the  current  distribution  and  input  admittance  of  the  magnetic 
impedance  radiator/resonator/element,  excited  by  concentrated 
magnetomotive  force  em,  of  that  applied  to  its  middle.  In  the  first 
on  x.  the  approximation/approach  we  will  obtain  the  sinusoidal 
distribution  of  the  magnetic  current 

J  —  \  — ~7  *m  s*n  —  |  2  |) 

COS  kxl 

and  purely  susceptance: 

v  =  i  r.ctgV;  1 ± 

( I20n)s  ,  k 

where  -  has  the  sense  of  wave  impedance. 

Page  110. 
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ind  for  Input  admittance 

y  —  _  2, 

J(  0)  (120n)« 


(8) 


where  ZJ  -  input  resistance  cf  the  electrical 

radiator /resonator/element,  which  has  the  sane  geometric  parameters 
and  the  same  value  of  propagation  constant  it!  as  magnetic 
radiator/resonator/element.  Expression  for  Z,  and  for  0(lii»  k,  1)  is 
tha  sufficiently  bulky  combination  of  integral  sines  and  cosines  and 
is  given  in  [ 1  ]  and  [  2  ]. 


ortilizing  the  expression,  obtained  in  [  1  ]  for  the  field  in  the 
remote  zone,  cr9ated  by  electrical  impedance  antennas,  let  us  racord 
formula  for  the  radiation  pattern  of  the  magnetic  impedance 
radiator /resonator /element: 


F(tp,  h)  = 


sin  6 


/*? 


—  cos*  8 


■  [cos  ( kl  cos  8)  —  cos  &,/]. 


(9) 


Let  us  note  that  with  kt=k  formula  (S)-(9)  they  pass  into  the 
appropriate  formulas  for  ideal  radiators/resonators/elenents  (2=0). 


Lat  us  determine  the  input  resistance,  introduced  by  magnetic 


radiator/resonator/ele sent  into  its  feeling  framework  with  the 
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current: 

=  -7^  .  (10) 

Jp 

where  L,.*i  -  eaf,  induced  by  aagnetic  radiator/resonator /element  at 
the  framework,  j  -  current,  which  flows  along  the  framework. 


Induced  eaf  is  equal  to  the  aagnetic  current  of 
ra diator/resonator/eleaent  at  the  pclnt  of  excitation  J(0) ,  and  the 
current  of  the  fraaework  is  magnetomotive  force  e™.  applied  also  tc 
the  point  of  excitation.  Then 


7  _  -MO)  1  (120n)> 

—  —  —  — - - — 

•m  Y  L) 


Por  the  practical  calculations  of  the  input  resistances  of 
relatively  short  radiators/rescnators/eleaents  (2/^  it  is  possible 

7 

3  to  determine  according  tc  the  sufficiently  simple  formula: 

Z,=  /?,-HX,  =  80(-lj1tg»Y-il20  -J-jln-jj-  —  1 ) ctg A,/.  (12) 


Proa  (11)  and  (12)  it  is  evident  that  th9  coupled  impedance  will 
have  resonance  character  and  reach  maximum  at  the  points  where 
This  first  resonance  will  be  in  region 


Ferrite,  excited  by  the  framework. 


In  order  to  use  the  results  of  the  first  section,  it  is 
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necessary  for  each  concrete/specif ic/act ual  antenna  to  know  the  value 
of  surface  impedance. 

Page  111. 

The  surface  impedance  of  ferrite  core  can  be  approximately  found 
from  the  solution  of  diffractive  problem  for  the  round  infinitely 
long  uniform  rod  on  surface  of  which  is  satisfied  boundary  condition 
P)  . 


Examining  the  excitation  cf  this  rod  by  convergent  cylindrical 
wave,  we  will  obtain  the  system  of  equations  of  Maxwell  in  the 
cylindrical  coordinates: 


i  d  .  _ , 

7  Jp (p  “ 


—  i  W)  H. 


(13) 


wh°re  m  and  t  -  parameters  of  farrite. 


Utilizing  a  condition  of  the  finiteness  of  electrical  field 
component  E .  with  p= 0,  we  find 


/  \x f  J i  (mo) 


~-n-  =  i  120-  1  —  -71 

-a  »  J% 


(mo) 


(H) 


where  m  > kV\>rtr\  zr  -  with  respect  the  relative  magnetic  and 


dielectric  permeability  of  the  ferrite:  (in  actuality  one  must  take 
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into  account  the  demagnetizing  factor,  i.e.,  by  ^  to  understand 
effective  permeability);  J,  (ma)  and  J0(ia)  -  the  corresponding  Bessel 
functions.  By  losses  in  the  ferrite  negligible.  To  take  into  account 
thee  is  possible  the  introduction  to  coeposite  pereeability 
jji.  =  n' — in"  as  this  done  in  [1]. 

Expression  (14)  for  the  surface  impedance  is  approximate.  It  is 
correct  for  the  case  cf  stems  (aa<<l>. 


In  this  case  the  surface  impedance 

2  =  i  60nur  ka  (15) 


Aftar  substituting  (15)  in  (3),  we  will  obtain  expression  fcr 
the  propagation  constant 


2 


:*r 


(16) 


Prom  (16)  it  immediately  follows  that  for  the  propagation  of 
magnetic  current  along  the  rod  it  is  neeassary  to  satisfy  the 
following  condition: 

In  —  ^  .  117) 

2  0  A 

Approximately/exemplarlly  the  same  expression  was  obtained  by  A. 


A.  Pistol' kors  for  the  antenna  being  investigated  in  [4]  as  the 
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condition  with  fulfilling  of  which  the  antenna  loses  elementary 
directional  characteristic,  inherent  in  the  framework.  As  it  fellows 
of  the  aforesaid  above,  this  cerdition  acquires  now  supple sent ar y 
interpretation  as  the  conditicc  of  the  onset  of  magnetic  current  in 
the  rod. 

Dage  112. 

It  is  obvious  that  solution  of  the  equation 


a*  \1,  In  — 


gives  critical  wavelength  /kp  in  the  assigned  parameters  of 
antenna,  when  /.>/., i(>  magnetic  current  attenuates,  when  k{  from 

zero  tc  k.  The  first  phase  speed  much  more  than  the  speed  of  light, 
then  approaches  it.  With  k— cr  when  nr-*-<x>  ferrite  becomes  ideal 
magnetic  ra dia to r/re so natcr/ element . 

Input  resistance  and  directivity  of  the  antennas  in  question  can 
be  calculated  according  to  the  appropriate  formulas  of  the  first 
section.  As  far  as  is  known,  at  present  industry  does  not  release 
such  ferrites  that  the  prepared  of  th9m  antenna  of  acceptable 
••hickness  would  possess  the  parameters,  which  satisfy  condition  (17). 
Therefore  the  experimental  check  of  the  relationships/ratios. 
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obtained  in  this  section,  was  net  conducted. 

At  the  high  values  of  la  expression  (14)  becomes  very 
approximate  and  for  determining  of  kt  is  expedient  to  use  the 
transcendental  equation,  which  are  obtained  with  the  solution  of  its 
own  problem  about  the  propagation  of  symmetrical  magnetic  ground  wave 
along  the  ferrite.  However,  even  in  this  case  use  of  an  expression 
for  the  surface  impedance  gives  the  possibility  very  simply  to  obtain 
the  series/row  of  the  conclusicn/output,  obtained  by  other  previously 
path  in  [  4  ]  and  to  give  to  the«  demonstrative  interpretation. 

Thus,  for  instance,  during  the  analysis  of  field  expression, 
created  by  the  antenna  in  question  in  the  remote  zone,  in  [4]  it  was 
established  that: 

1.  when  value  a  corresponds  to  the  roots  of  function  J0  (®a)  / 
field  is  obtained  the  same  as  from  the  ideal  magnetic-conducting  red. 

2.  When  value  ma  correspends  to  roots  of  function  Jj(ma),  field 
is  obtained  the  same  as  from  Ideally  conducting  rod,  excited  by 
framework. 

3.  Values  ma,  which  satisfy  equation 

4-  pr  (ma)k?a  in  0,89Aa  =0,  (19) 
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are  also  singular  points. 


After  substituting  (14)  in  (3),  we  will  obtain  expression  for 
the  propagation  constant 


£ 2  _  (ma) 

‘  aiWiI'"0) 


1 


a 


(20) 


from  which  the  enumerated  three  conclusion/output  follow  immediately. 


1.  If  J0  (ma )  -0,  then  kj  =  k  and  ferrite  is  converted  into  ideal 
magnetic  radiator/resonator/element,  analogous  in  duality  principle 
to  ideal  electrical  radiator/rescnator /element . 


Page  113. 

2.  If  J1(ma)=0,  then  frcm  (14)  it  follows  that  2=0  and  boundary 
condition  (1)  passes  under  condition  £«  =0,  that  implementing  on 
metallic  surface. 


3.  Let  us  record  condition  with  fulfilling  of  which  kt=0: 

k*a  'j,  Jx  (ma)  In  —  —mJ^  (ma).  (21) 

a 

Equation  (21)  coincides  with  equ.  (19)  during  replacement  of  In 
on  In  (0.89  ka)  ,  which  corresponds  to  the  selection  of  another 
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_  i 

/  _  2!n0.89*a 

Thus,  all  these  conclusicns  obtain  demonstrative  interpretation. 

Marrow  slot,  gashed  in  the  conducting  cylinder. 

Proa  inequality  (4)  it  fellows  that  the  propagation  constant  of 
magnetic  current  along  the  antenna  will  be  real,  if  the  surface 
impedance  2  has  capacitive  character. 

Capacitive  surface  iapedance  can  be  created  in  a  following 
manner.  Pig.  1  depicts  metallic  cylinder  1,  in  which  is  gashed  narrow 
slot  2.  Along  the  slot  is  distributed  certain  capacity/capacitance. 

It  can  be  created  with  several  capacitors/condensers  3.  Antenna  is 
excited  by  the  framework  with  the  current.  For  the  generality  we  will 
consider  that  the  cylinder  capacity  is  filled  with  ferrite  with 
effective  magnetic  permeability  pr  Let  us  consider  the  in  practice 
interesting  case  when  a  radics  cf  cylinder  ra  is  small  in  comparison 
with  the  wavelength  in  the  ferrite.  The  surface  impedance,  to  which 
is  loadad  the  slot,  will  be  composed  of  the  inductance  of  cylinder 
and  distributed  capacitance. 


(22) 


DOC  =  81082103 


PAGE 


Fig.  1. 


Page  114. 


Impedance  taking  into  account  the  distributed  capacitance 


^Kam  —  * 


oi  L 


123) 


wher?  w  *  yW  the  frequency  cf  antiresonanse;  c  -  the  available 
capacity,  distributed  on  the  slct. 


Considering  that  the  slot  vith  width  2a  is  loaded  to 
resistor/resistance  Zau.1H,  we  will  obtain  foraula  for  the  surface 
impedance 

Z=—Zaaj„.  (24) 

a 

Let  us  note  that  froa  (22)  it  follows  that  the  linear 

conductivity  of  cylinder  >'  = - - — This  foraula  completely  coincides 

60n*r£* 
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with  the  expression,  obtained  by  A.  A.  Pistol'kors  in  [5]  for  the 
linear  conductivity  of  metallic  groove. 

In  (5]  and  [6]  the  problem  about  the  excitation  of  the 
infinitely  long  conducting  groove  was  solved  by  the  method  of 
°igenf unctions  (Mathieu  functions).  As  has  already  been  indicated, 
primary  attention  in  these  works  was  given  to  the  explanation  of  the 
structure  of  electromagnetic  field  and  to  the  determination  of  the 
transmission  modes,  which  appear  during  different  excitation  of 
groove. 

The  seriss/row  of  the  conclusion/output,  done  in  [6],  will  be 
obtained  below  from  the  examination  by  the  propagation  constant  of 
magnetic  current. 

Expression  for  the  propagation  constant  of  magnetic  current 
along  the  narrow  slot  we  will  obtain  from  the  equation,  analogous  to 
egu.  (2)  for  cylindrical  antenna  [7]: 

J"  (z)  4 -AV (z)  =  —  2.x i  (i»u0/  Jfff  (z)’+  G (J,  z )  —  ~  j-J  .  (25) 

hence,  it  is  analogous  (with  3)  ,  it  is  obtained 

&  =  — «i  ii  h. .  (26) 

a  Z 

Aftar  substituting  in  (26)  expression  (24)  taking  into  account 
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(22)  and  (23) ,  let  us  find 


where  c  -  speed  of  light,  f  -  frequency. 


Proa  (27)  it  follows  that  there  is  a  critical  frequency, 
determined  by  the  equation 


(28) 


The  existence  of  critical  frequency  was  obtained  also  in  [6  ]  for 
flat/plane  component  of  plane-cylindrical  waves,  which  are  propagated 
along  the  slot. 


If  / </kp>  ,  thee  magnetic  current  is  not  propagated. 


Page  115. 

with  f=f0  propagation  constant  i.a.,  the  slot  in  question 

behaves  as  ideal  Magnetic  r adiatcr/resonator /element.  If  f>f0*  then 
with  an  increasa  in  the  frequency  sharply  grows/rises  the  value  cf 
propagation  constant  k,.  This  leads  to  the  fact  that  along  the 
antenna  begins  to  be  placed  a  large  number  of  half-waves  of  current 
whose  radiation/emission  mutually  extinguishes  each  other,  which 
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strongly  decreases  the  actually  radiating  length  of  antenna. 


Let  us  note  that  frequencies  } ^  and  f0  lie/rest  very  closely 
to  each  other,  so  that  virtually  /,p~/0.  Thus,  the  antenna  in  question 
will  be  affective  only  in  the  very  snail  frequency  band. 


Ha  will  obtain  expression  for  the  input  resistance,  introduced 
into  the  framework  of  antenna,  it  is  possible  to  count  according  to 
formula  (11): 


R 


■x  — 


( I20n)»  R,  _  x  _  _  ( 120.1)*  X, 
R2t  +  Xl  '  *X_  /%-rXl 


1 29) 


R.  +  \\3=Z3  and  it  is  determined  from  (12). 


Since  for  the  antennas  /?»<|A'S|,  in  question  the  coupled  impedance 
will  be  noticeable  only  in  the  region  of  frequencies  where  V 


Tha  points  of  resonance  will  be  frequencies,  with  which 

where  n  -  the  whole  number,  with  increase  in  n  the  value 
of  resonance  resistor/resistance  decreases. 


Let  us  consider  first  resonance  fe  will  obtain  at  the 

point  of  the  resonance 


R 


Pa 


(120ji)« 


(30, 
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factor,  very  close  to  unity. 


2A  f  32  V 

—  =  - - T—  .ur. 

/  3 

Ap*3 


vhera  l  =nrj?/  -  cylinder  capacity. 


Losses  in  the  ferrite  and  the  loss  AN  skin  effect  in  the 
metallic  cylinder  can  be  taken  into  account,  considering  the  surface 
impedance  Z  composite. 


z  =  zy 


where  z0  -  impedance  without  taking  into  account  losses,  and  loss 
angle  or<<1,  then,  after  making  the  appropriate  linings/calculaticns, 
we  will  obtain 

32__L_,  g.  (37) 

'  3  ^  ’ 


where 


n  _  60  _n*_  _o_ 
0  “  4  2 


The  antennas  in  question  found  use,  in  particular,  as  the 
receiving  V HP  antennas  range  [8].  Considering  these  antennas  frame, 
in  the  work  were  obtained  the  expressions  for  their  parameters  which 


can  be  rewritten  as  follows: 
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2Hf  _  8 
f  3 


(120n)« 

80 (M)* 

_ L_ 


(38) 

(39) 


The  resistor/rssistance,  computed  froa  (38) ,  can  be  considered 
as  the  rasistor/rasistance,  introduced  into  the  framework  by  magnetic 
Hertz  doublet,  since  for  this  dipole  R,=S0  (kl)}. 


The  effective  height  of  dipcle  -  21..  The  effective  height  of 

radiator/resonator/eleaent  with  the  sinusoidal  current  distribution 

with  *,/ =  r/2  is  equal  to  — .  The  square  of  the  relation  of  these 

n  (  2  * 

effective  height,  equal  to  ■  gives  factor  to  which  and  they 

differ  friend  (30),  (38)  and  (35),  (39)  respectively.  Thus,  approach 
*o  the  antenna  being  investigated  as  to  the  frame,  can  be  considered 
as  the  first  approxiaation,  which  does  not  consider  magnetic  current 
distribution  along  the  slct. 
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Page  118. 


numatoma*  pa**a  (}*cn )  ft ) 
Pacwemf.  V) 

JrcntauHtnm  (  f) 


Fig.  4a,  b. 


Key:  (1).  ohm.  (2).  HHz.  (3).  Feeding  framework  (exp.).  (4) 
Calculation.  (5)  .  Experiment. 


Page  119. 


Furthermore,  this  approach  does  not  give  the  subsequent  resonances 
(with  n=2,  3,  etc.)  and  cannot  explain  the  dependence  of  the 
frequency  of  the  first  resonance  on  the  length  of  antenna,  which 
follows  from  (31). 


.»  . 
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The  antennas  in  question  were  investigated  also  exper iaenta lly. 
Fig.  2  gives  input  antenna  resistance,  the  length  of  2i-60  ca,  r0=2. 1 
ca,  2a  =  1  ca.  Capacity/capacitance  was  created  by 

capacitors/condansers  on  25  and  20  pP,  soldered  on  through  one  at  a 
distance  of  1.2  ca  froa  each  ether.  Dotted  curve  plotted/applied 
coaputed  values  R,  calculated  according  to  (11)  talcing  into  account 
the  resistor/resistance  of  the  acst  feeding  framework.  Fig.  3  gives 
obtained  for  the  saae  antenna  dependence  of  field  in  remote  zone 
( 9- »/ 2)  on  the  frequency  with  the  direct  current  within  the  feeding 
f raae work. 
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Fit], 

5. 

Key : 

(1)  . 

mV/B. 

(2). 

antenna.  (3).  fraaeworfc.  (4) 

Fig. 

6. 

Key: 

(1)  • 

a  V/b. 

(2). 

H  Hz. 

Page 

120. 

j  3  o  °  -  • '  21=0,3*  . 

I  •  —  —  2l=0.h2* 

-j - -  iyu  ■ 1 

J.  - 21  =0£*  , 

r  -  2l=',0 *  ' 
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Pig.  4  gives  the  inpat  resistance  of  another  antenna  with  a 


length  cf  21=2  a,  r0  =  1 1  cm,  2a=3  cm.  Capacity/capacitance  was  created 
by  capacitors/ccndensers  on  by  5  1  pf(  soldered  on  through  2.5  cm. 
Dotted  line  designated  computed  values.  The  losses  AH  skin  affect 


during  calculations  were  not  considered.  wig.  5  depicts  the 


dependence  of  field  in  the  remote  zcne  on  the  frequency  for  this 


antenna. 


Pig.  6  gives  the  experimental  dependence  of  the  frequency  of  the 


first  resonance  on  the  length  of  antenna  (2a=1  cm,  r„=2. 1  cm, 
capacity /capacitance  it  was  created  by  capacitors/condensers  on  25 
soldered  on  through  2  cm,  the  lengths  cf  antennas  were  indicated 
in  the  figure)  . 


It  is  evident  that  the  experimental  data  confirm  well 


theoretical  conclusions. 
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Page  121. 

Open  resonators,  foraed  by  confccal  airrors  with  the  variable 
reflection  coefficient  and  the  generalizad  hyper-spheroidal 
functions. 

N .  S.  Kosmodemianskaya ,  V.  F.  Ics*. 

Are  examined  the  characteristics  of  confocal  resonator  with  the 
rectangular  and  circular  airrcrs  whose  transparency  i*  changed 
according  to  the  specific  law.  it  is  shown  that,  as  for  the  airrcrs 
with  the  ideal  reflection,  in  this  case  proble*  is  reduced  to  the 
examination  of  certain  differential  equation  whose  solution  is 
expressed  as  the  generalized  hyper-spheroidal  functions.  Are  obtained 
the  asymptotic  representations  of  these  of  function.  Are  given  the 
results  of  calculations. 

The  characteristics  of  the  resonators,  foraed  by  the  spherical 
-  *’ »*•  'plan#  mirrors  of  finite  dimensions  with  the  ideal  reflection 
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coefficient,  it  is  at  the  present  time  studied  sufficiently  in 
detail.  Obtained  in  the  open  tescnators  with  such  mirrors 
rarefaction/evacuation  of  the  spectra®  for  aany 

applications/appendices  proves  to  be  insufficient,  since  the  quality 
of  such  systeas  remains  still  tcc  high.  For  achievement  of  necessary 
selectivity  it  is  necessary  tc  decrease  the  size/dimension  of  mirrors 
(or  limiting  diaphragms) ,  which  leads  to  vorsening/detericraticn  in 
the  use  of  space  of  active  material  and  decrease  of  power  output.  One 
of  the  solutions  of  the  problem  cf  increasing  the  power  output  with 
the  required  selectivity  is  the  method  of  the  isolation/liberaticn  of 
transverse  (but  not  longitudital)  modes  in  the  resonator  from  twc 
spherical  mirrors  with  the  ideal  reflection  coefficient,  proposed  by 
yu.  v.  Tyzhnov.  The  idea  cf  method  consists  in  the  location  within 
the  resonator  across  the  longitudinal  axis  of  the  latticed  absorbing 
selector.  If  we  select  the  sizes/dimensions  of  this  selector  in  such 
a  way  that  its  dissipative  elements  would  coincide  with  zero 
transverse  mode  'Pm*,  then  its  effect  on  this  mode  will  be 
insignificant.  At  the  same  time  the  losses  of  all  remaining  modes 
(including  longitudinal  ones)  because  of  the  absorption  in  the 
elements/cells  of  selector  will  increase.  If  they  increase  so,  that 
will  exceed  the  losses  of  mcde  Vm«,  then  it  will  be  possible  to  carry 
cut  a  generation  on  one  transverse  mode.  It  is  here  essential  to  note 
that  if  this  isolation/liberaticn  of  transverse  mode  is  in  principle 
possible,  then  it  is  realized  cn  much  the  higher  level  of  absolute 
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losses. 

Page  122. 

Therefore  the  method  proposed  can  be  used  in  the  quantum  generators 
with  the  highly  active  media  where  the  selection  of  longitudinal 
modes  in  the  resonators,  formed  by  mirrors  with  the  ideal  reflection 
coefficient,  is  already  barely  effective.  With  this  method  of 
selection  the  field  at  the  output  proves  to  be  nonuniform  on  the 
amplitude  and  the  phase  (in  the  locations  cf  the  dissipative  elements 
of  selector  phase  distribution  endures  jumps  on  r)that,  generally 
speaking,  it  is  inadmissible  fcr  a  whole  series  of 
applications/appendices  and  especially  in  the  systems  of  optical 
information  processing.  True,  these  deficiencies/lacks  partially  can 
be  reduced  by  arrangement/pcsiticn  at  the  output  of  the  quantum 
generator  of  the  phase-shifting  plate,  which  converts  output 
distribution  into  the  cophasal.  Heterogeneous  in  the  amplitude 
cophasal  distribution  has  sirgle-lcbe  radiation  pattern  with  the 
higher  with  respect  to  the  even  distribution  side- lobe  level. 

It  is  of  interest  therefore  to  consider  another  path  of  the 
selection  of  oscill&tions/vibraticns  under  the  assumption  of  the 
increased  ohmic  losses  in  the  system,  by  using  the  resonators,  formed 
by  mirrors  with  the  variable/alternating  transparency,  with  this 
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method  we  will  approach  the  isolation/liberation  of  longitudinal 
modes,  so  that  here  simultaneously  we  get  rid  both  of  the  number  of 
deficiencies/lacks  in  the  preceding/previous  method  and  of  the  need 
in  the  supplementary  elements/ce  11s  for  the  resonator  itself. 

Let  there  be  the  two-dimensional  resonator,  which  consists  of 
the  cylindrical  mirrors  with  the  variable  coefficient  of  reflection 
and  with  radii  of  curvature  of  Ra  and  /?&  distant  behind  each  other  up 
to  distance  of  L.  Sizes/dimensicns  of  mirrors  respectively  2a  and  2b, 
and  the  coefficients  of  reflection  f(E/a)  on  one  mirror  and  h{rjb)  -  on 
th9  second.  Here  f  and  h,  generally  speaking,  complex- valued 
functions  and  such,  that  l/|.  |h|^l. 


In  this  case  for  field  distribution  on  the  mirrors  we  will  have 
a  system  of  the  integral  equations: 


—  l 

rw- 


I 


(I) 


where 


ifci ulus/ module  and  phase  of  the  eigenvalues  a2  of  this  system 
determine  the  transmission  factors  of  energy  and  the  frequency  of 
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steady-state  oscillaticns.  Por  the  case  of  infinite  mirrors  and 
gaussian  functions  f  and  h  the  solution  of  system  (1)  is  examined  in 

t  11- 

Page  123. 

For  confocal  resonator(^o=g6  =  0)  in  the  case  of  the  dependence  of  the 
coefficient  of  reflection  of  mirrors  from  the  transverse  coordinate 
in  the  form  h  (y)  =  ( 1- y* ) t,  1-1,  2...,  the  solution  for  the  rectangular 
mirrors  is  given  in  [2].  In  this  article  is  given  the  generalization 
of  the  given  in  [ 2  ]  solutions  to  the  case  of  arbitrary  (including 
composite)  1  for  the  resonators  both  with  the  rectangular  ones  and 
with  the  circular  mirrcrs. 

Let  us  consider  first  mirrors  in  the  fora  of  the  infinite  bands 
cf  the  assigned  width.  Let  us  show  that  the  solution  of  the  integral 

equation  +i 

yZ(u,  c)  =  j  (1  —  v*)aelaaZ(d,  c)dv  (2) 

satisfies  the  genaral/coamon/tctal  spheroidal  equation 

(1—  u*)Z"(u)—2(l  +*)uZ'(u)-(d—c*u*)Z{u)  =  0.  (3) 

In  fact,  it  is  not  difficult  to  ascertain  that  occurs  the  identity 


-|*XW>C  •  «> 

where 

LX  (x)  =  (1  —  x*)  X"  (x)  -2  ( 1+  i)  xX'  (x) - c*at*X  (x). 

Sines  latter/last  coaponent/tera/addend  in  right  side  (4)  is  equal  to 
zero,  we  see  that  Z(u)  and  LZ(o)  satisfy  one  and  the  same  integral 
eqn.  (2)  .  Consequently, 

LZ(u)  =—cLZ{u), 

where  the  constant  d  does  not  depend  on  u.  Thus,  finally  for  function 
Z  (u)  we  have  differential  equation  (3)  ,  By  replacement 

a 

Z(U)  =  (1— U*)  *  S(u)  equ.  (3)  is  reduced  to  the  form 

(u)-2uS'  (u)  -f  {d+  *  +  «*-cV-  -  0. 

hence  we  conclude  that  formally  S(u)  is  spheroidal  function  with  the 
index  «.  Since  at  the  present  time  there  are  tables  of  spheroidal 
functions  only  for  the  whole  values  a  [3],  in  the  case  of  arbitrary  a 
the  solution  of  equ«  (3)  can  be  sought  in  the  fora 

Z(U)  =  V  V*.  zoo -2  c,«a+l 

T*  0 

For  the  even  and  odd  solutions  respectively# 
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In  this  case  £or  coefficients  Ak  and  C*  we  have  recurrence  formulae: 

(k  -  0,5)  (k  +  1)  Ai+l  =  0.5) - J-J  A>  +  -£-  Vi 

(k  rl)(H  1,5)  C*+1  =  [(A  -rO,5)(k+z+\)-±Y>  +  T  C*-i 

(5) 

eigenvalues  d  can  be  found  free  the  transcendental  equation  in  the 
fore  of  continued  fraction  as  usually  for  the  trinomial  formulas. 
Therefore  finding  the  eigenfunctions  of  squ.  (3)  in  the  case  of 
arbitrary  a  is  not  a  bit  more  difficult  than  for  <*=1,  2.... 


Let  us  note  that  in  the  case  <**0.5  the  solution  is  expressed  as 

lathieu  functions-  In  fact,  cn  the  basis  of  the  integral  equation  for 

*he  odd  Hathieu  functions 

Se„  (<7.  <P)  =  Pn  j  sin  9  sin  6  ei2  y  q  cosae'cos  8  Se„  (q,  6)  d  9 
0 

and  assuniag/set ting  cos*=xf  ccs03y,  will  obtain 

_ 

Sv.il?.  arc  cos  x)  =  C  (1 _ t/*)l/2  ei2  Vq  xy  Se'l(?'  arccos»> 

i.e.  is  spheroidal  function  on  the  order  of  0.5. 

(1  r 


(5a) 
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for  the  even  functions  and 


i/Tiro+a)  vv 
;J  ~  1  C  V  2.1  C,  C* 


rt*+i.B) 

r  (<  +  o  +  2,5) 


(56) 


for  the  odd  ones.  Equation  (3)  is  encountered  also  in  other  regions, 
such,  as  the  propagation  cf  accostic  or  electromagnetic  waves  in  the 
presence  of  ellipsoidal  structures,  the  motion  of  particle  in  the 
presence  of  two  attracting/ tightening  centers,  stochastic  processs, 
*»tc. 


H.  L.  Schmid  [4,  5]  completely  studied  the  class  of  trinomial 
recurrence  fornulae,  which  include  relationship/ratio  (5).  Its 
results  establish/install  existence  and  uniqueness  with  an  accuracy 
to  constant  factor  for  coefficients  /J*  and  C»,  and  also  the  resolution 
of  eigenvalue  in  the  converging  series. 

Let  us  note  here  that  although  is  formal  solution  Z«(u )  (even 
with  wholes  a)  it  coincides  with  spheroidal  function  (u)  ,  in 

reality  it  has  distinct  nature. 

Page  125. 

Actoally/really,  in  the  existing  literature  usually  with  the  wholes  a 
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are  examined  (and  thay  are  tabulated)  the  functions,  in  which  n-a^0 
and  number  of  zeros  in  the  fundamental  interval  is  equal  n-a.  In  this 
case  with  fixed/recorded  n  the  value  a  can  be  arbitrary.  Therefore  we 
will  desigiate  the  solution  cf  equ.  (3)  through  S<*>(u)t  Virtually  the 
representation  cf  solution  of  Z  (u)  in  the  form  of  power  series  proves 
to  be  advisable  for  the  values  of  value  c,  which  do  not  exceed  5-6, 
since  at  the  high  values  it  is  necessary  to  consider  already  many 
components/teras/addends  (their  nuaber  is  approxinately/exenplarily 
equal  to  c)  ,  and,  furthermore,  for  computing  coefficients  themselves 
Ak  and  Ck  in  this  case  is  required  the  knowledge  of  eigenvalue  d  with 
the  high  accuracy,  otherwise  the  series/row  becomes  diverging.  It  is 
expedient  therefore  to  obtain  acre  convenient  representation  for 
solving  of  Z(u)  with  large  c.  since  ideas  the  constructions  of  the 
asymptotic  representation  of  solutions  are  identical  in  the  cases  of 
rectangular  and  circular  mirrors  in  ordar  not  to  be  repeated,  let  us 
consider  them  based  on  the  example  of  the  latter,  indicating 
difference  as  results  in  the  appropriate  places.  Host  suitable  for 
these  purposes  method  (precise,  the  greater  c)  is  presented  in  work 
[ 6  ]  in  connection  with  confocal  resonator  with  the  ideally  reflecting 
mirrors.  Here  are  generalized  the  obtained  there  results  for  tha  case 
of  arbitrary  ones  a  and  the  arbitrary  relationships/ratios  between  n 
and  a.  Let  us  show  that  the  analogous  generalization  allows/assumes 
confocal  resonator  with  spherical  mirrors  cf  circular  section. 
Actually/really,  let  there  be  resonator  with  the  circular  mirrors 
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whosa  transparency  is  changed  according  to  the  law(l— ps)°#Then  for 
field  distribution  on  the  mirrors  we  have  the  integral  equation 

I 

aX(x)  —  im+t  c  j  ( 1  —  y2f  ylm  ( cxy )  X  (y)  dy,  (6) 

c  =  2*Y£’  x  =  y  =  Wv  ri 

whare  a  and  c2  -  radii  of  the  outline  of  mirrors. 

In  this  case  it  is  assumed  that  the  dependence  of  field  on  the 
azimuthal  coordinate  is  expressed  in  tha  form  e,m*,  where  m  -  whole 
number.  Equation  (6)  can  be  presented  in  the  form 

(1  — 7  ,  (cxy)  X  (y)  dy,  (7\ 

m - 

0  _ 2 

where  X(x)  =  VxX(x),  j  ,  (x)  =  V  ^-Jm(x),  J,n(x)  -  Bessel  function. 

Generalizing  results  [6],  let  us  introduce  operator^  by  means  of  the 
equality 

£x(0-(i-/>)r’(/)-2(i  +  ,)«■(/)-  — ~°'.ai  Xjii.  . 


»M=iwl  \  f 


Page  126. 


Then,  using  equ.  (7)  and  ’j  the  relationship/ratio 

r  ,  «)  +  (i-  )<  ,  w-0' 

»*—  —  \  i1  /  m - 


we  will  obtain  the  identity 


~ -  V*  f  0  -jfl* /  ,  (exp)  LX (p) dp  =  LX (X)  + 

™  t/  /W—  — 

0  2 

t™-t 


^(l-p*),+a|/  ,  (cxp)X'(p)-X(p) 


<*/  i 
m—  — 
_ 2_ 

dy 


o 
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whence  during  the  usually  superiaposed  requirements  for  the 
regularity  of  function  X  (t)  ,  when  expression  in  the  curly  braces  is 
equal  to  zero,  we  see  that  the  sclution  of  integral  equ.  (7) 
satisfies  the  differential  equation  (let  us  naae  its  generalized 
hyper- spheroidal) 

<1 -<*)*"  (0  —  2(1  +  (d-  cV-  m'~°-25~-)X(t)  =  C. 

(8) 


We  will  seek  solution  (8)  in  the  fora 

x(t)~y  as3****-* 

o 


then  for  coefficients  Ak  are  obtained  following  recurrence  foraulae: 


’(*  -f  i  + 


m  \3 /  m  ,» 

2  I  l  2  J  . 


^•“[(*  +  f +  T)(‘  +  f +  ,+ 


i.e.  the  nethodology  of  solution  (8)  in  no  way  differs  from  the 
solution  of  equ.  (3).  In  particular,  with  a=0.5  solution  can  be 
expressed  through  the  functions  cf  flattened  spheroid. 


Actually/really,  it  is  net  difficult  to  be  conrinced  directly 
that  the  equation 

(I  —  t*)  X" (1) — 2tX‘  (/)  +  (d-c*t' - —  )*(<)=■  0 

v  i  —i* ) 
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_  I 

by  replacement  t  =  V  1—  x*\  X(t)  =  x  2  V  \  —  x*<p  (x)  is  converted  to  the  form 

(I  -  X*)<  (*)  -  2  (  1  +  -i-j  X<p'  (X)  +  [d  -  ±  +  C*  +  A»  - 
n*  —  0,25  \ 

- ; — )♦-»• 

Page  127. 

Hence  it  is  apparent  that  by  analogy  with  spheroidal  functions  ^(l  —  (*) 
Sm(—  ic  1  TH7«it  is  possible  tc  name  hyper- spheroidal  function  with 

!_  _ i 

index  0.5  *  (i  t*)  2Sm/t(-ic]  —p)  =  S™>(c,  t). 

As  in  the  case  of  spheroidal  equation,  the  representation  of  solution 
(8)  in  ♦•he  fora  of  power  series  proves  to  be  advisable  with  6.  Let 
us  atteapt  therefore  to  find  the  convenient  representation  of  the 
solution  of  hyper-spheroidal  equation  in  the  case  large  c.  Let  us 
assume  in  (8)  t  **  x/\  ^.  As  a  result  we  will  obtain 

A  i  a  d 

PX-~qX+  -X  =  0, 

where  operators  “p  and  'q  are  determined  by  the  equalities: 

a  d*  m*  — 0.25  \  d*  d 

p  =  l* - 7* - **•  -”  r  dl  - 

The  solution  of  equation  /p#*y*=0,  which  has  n  of  zeros  in  interval 
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<F  =  'Fm.  =  e  *  L?u'-), 


(0.  oc),  is  function 


where  x)—  polynomial  of  La  guerre 


of  the  n  degree,  if  y=4n*2m*2.  Therefore  it  is  clear  that  with  large 
c  the  solution  of  equ.  (9)  can  be  represented  in  the  fore 


/*.  a:  *»  j 

*5i  I 


4 m ,  n  (c) 


=  An  -f  2m  4-  2  -r 


-S(4-r 


/j*  ( m ,  n.  2) 


After  using  the  relationships/ratios  between  Laguerra's  polynomials, 
it  is  not  difficult  to  obtain  the  relationship/ratio 

A 

Wm.  n  -  <  „  <Pm.n+1  +  a'm.  „  fm.  +  <£.  a  <Pm.  n  T  *7.'  „  T„.  ,_i  * 


4-  <P  -  . 

1  m .  i  Ym.  a — 2  * 


where 


a«.  „-(«  +  1)  (/*  -h  2), 
fl«.  n  =  2a(n+  1), 


aml  n  ~  ~  2*  (n  *  mi. 


«.„  am?«  -  («  +  «)(«-:  rn-1). 

<»  =  -[(2n+  +  +  ^  + 


Page  128, 


Let  us  substitute  expansion  (10)  into  equ.  (9)  and  will  equate  zero 
expressions  with  the  identical  degrees  of  c.  As  a  result  we  will 
obtain  system  of  equations: 


Pin  „  -  H*  -  2m  J- 2)  cpm =0 

pYk  4-  (4/?  —  2m  4-  2)K*  =  qYk_x  -  V  h,Y  K„  =  ?„ 


•  MU 
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After  assuaing  now 


y,im,  n,  2;  x)=  v  A\(fn 


and  after  substituting  in  (11)#  after  the  equating  of  factors  with 
identical  numbers  4™.  ■  we  will  obtain  recurrence  formulae  for 
determining  the  values  Ak  and  /i„: 


h„  =  V  ap  /4*-i 

*  m ,  f\—p  —  p  ’ 

p— 2 

4 sAJ-jMi-/-  J  ^Z). 

/-1  /— 2 

/&  1,2...  y 

Vs  =  -2A,  —  2A-  1 . 2k) 


Hence,  in  particular,  we  find 


/!>  =  flm.  n  =  ~  <2/1  ~  1)  f/l  -1-  m  -  -j  )  -  ( ’  «  -f  -J-)  ■  A0  =  0- 

A]_2  =  —  {n~  m){n— m— \),  A\  - -a(/z-f-l), 

8  2 

A'_{  - - i-i(n-j-m),  A[  - - j- (n  +  1)  )n  +  2), 

2  o 

ht  = - —  (m  —  2n  —  1)  {2n2  -f  2n  (m  -f  1 )  -j-  m  -f  2  —  4a2J. 

4 


solution  takes  the  form 


*1.  n'11  =  ^ 


X  =  v  c  /.  (12) 


The  right  side  of  expression  (12)  after  return  to  initial  by  the 
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variable/alternating  t  already  acre  is  not  arranged/located  according 
to  degrees  of  c“‘ ,  since  9>m.  «+i  (V  c  n(l~c  O~0(|/c’).  Therefore  range  of 
values  t,  for  which  the  asymptotic  representation  of  solution  given 
above  correctly  reflects  the  behavior  of  true  integral  (8)  ,  decreases 
with  an  increase  in  nueber  c. 


Page  129. 

Nevertheless  fairly  often  this  representation  they  use  to  entire  the 
fundamental  interval,  which  leads  to  the  inaccuracies  at  the  end/lead 
of  the  interval.  »e  will  use  expression  (12)  for  t<c  *. 


If  we  will  assuse  in  (8)  ='m-M'44>t.>.(0and  y=  1  -\—t\  then  we 

will  obtain  the  representation  cf  solution  in  intervale  4  <  f  <  I  —  c_|As 
a  result  of  this  replacement  egu.  (8)  will  pass  in 

(1  —  y2)Z"  +  ^L±Z?-.y{2m  *3  +  2a)  |  Z'  4-  |d  — cJ-f  cy — 

~{m  ^  y)('nT--2a)]z=0.  (13) 


Let  us  substitute  the  here  obtained  above  expression  for  eigenvalue 
of  d  and  will  introduce  function  Y  by  the  relationship/ratio 


Z  =  (l 


yr{m+n+"y 


.-(-I) 


Making  again  all  linings/calculations  which  in  view  of  their 
unwieldiness  we  omit,  we  will  obtain  for  function  Y  the  equation 
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where*  approximately  we  can  assuae 

X\ j<((/) a,  Jg!1* (»-»)"  «tv 


a-f  — 

y  1(i+y)m+fl+1 


.  y  =  M  —  t*.  c  4  <  t  .<.  i  —  C" 


Let  us  determine  now  coupling  coefficient  between  functions  X1  m 

w.  n  a*  > 


and  X*m  n(t).  For  this  let  us  assuie 


/= 


and  with  fixed/recorded  z  we 


C 

will  increase  c.  As  a  result  we  will  obtain  the  representations; 

(2»+«+i)/4  2^+m+l  e_  y  Tt.n 


A')'1-'1, 


nl 


(a,+m+l)/  4  ?J"+"+ 1  cc  e~ 
4  “  2 


Thus,  functions  n  and  *,**  a  at  the  high  values  of  c  will 
continuously  pass  into  each  ether,  if  we  assuae 


It  is  evident  that  near  the  center  of  mirror  with  large  c  the 
presence  of  variable/a lternatiag  transmission  in  the  zero 
approximation  does  not  affect  field  distribution. 

For  obtaining  the  asymptotic  form  of  solution  near  t= 1  let  us 
assuae  in  egu.  (13)y=y-  ,  as  before  utilizing  the  obtained  above 
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expression  for  the  eigenvalue.  in  this  case  equ.  (13)  can  be 
presented  in  the  forn 

_  A±*L-  **  -z  +o(—\  =  0. 

du *  u  du  \  €  ; 

so  that 

X*.  nU)  —  tn^i{cyra  /„(<*),  y=\\—t*. 

where  /,(*>  —  aodified  Bessel  function  of  pore  iaaginary  argument . 

Joininq  k  X*  and  k,X3  when  y  =  vl\  c,  we  will  obtain  coupling 
coefficient  between  then.  Be  have  (considering  that  with 
fixed/recorded  v  value  c  is  great): 

c)  *(**"•»* e*”  , 

_ [ 

X*m  „(y  =  v  |  7)  -  (2h)  2  c"  (“+o;8,/2  e >To  tT  ,a+l,■s,  , 

so  that  asymptotic  equality  *,**  _  .  =  Vf3m  t„vill  occur  when  *3  =  l  2 Sc^ik, 

since  i^cy)  ~*f°{cy)  =  2»n‘iT«>  ■ 


then  for  the  value  of  function  MJ,,  „  on  the  «d<5«  of  airrcr  (t=i)  w? 
obtain 


*3  K.Jc, 


„  —  J*-fm-a+  —  i2n-2a+m+—)/ 2 

|)  =  -<r  iili  2  2c  *;/ 

n!  f  (l  +  a) 


t>age  130. 
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Thus,  tha  value  of  field  on  the  edge  of  the  airror  inside  the 
resonator  when  the  variable  coefficient  of  reflection  of  fora  is 
present,  [!—•")*  grows/rises [fr(l  4- s)J cnce  in  coaparison  with  the 
value  of  field  in  the  resonator,  foraed  by  airrors  with  the  ideal 
reflection  coefficient. 

Let  us  note  that  during  here  writing  of  integral  equation 
accepted  function  X(r)  describes  the  behavior  of  the  wave  front  of 
field  directly  before  the  absorbing  surface  within  the  resonator  on 
*he  way  to  airror.  After  being  reflected  froa  the  airror  and,  thus, 
having  twice  passed  the  absarticg  surface,  this  wave  front 
foras/shapes  field  directly  before  the  absorbing  surface  in  another 
airror. 

Page  131. 

Introduced  further  function  Z(x)  -  (l~jt2)a/*  A(x)  describes  the  field 
between  the  airror  and  the  absorbing  surface.  Let  us  rewrite  equ.  (7) 
in  the  fora 

pX  (x)  ( 1  -  x*)a'2  =  ]'(!-  **)a/2  ( 1  -  y *)*'*  K  ( cxy  i  A'  (y)  <. 1  _  y*)a dy. 


(14) 


PAGE 
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where  P=*  — —  1  —  ,/((<)=/'  (/),  and  let  as  attempt  to  determine  the 

j«+l  y  2c  m  -  — 

2 

asymptotic  behavior  p(c)  with  large  c.  Por  this  let  us  differentiate 
both  sides  of  egu.  (14)  first  cn  c,  and  then  on  x.  As  a  result  we 
will  obtain: 

_  l 

+  =  \  (\  ~  x*)a/t (\  -  if)*'2 xyK  icxy)  X  (y)dy  T 

ac  dc  J 

dy, 


Ul—  jc2)“/2  ( 1  —  y2)al  K  icxy)  - 
J  ac 


dX 


p~  =  l  cy(\  —  jc*)0/  (1  —  yl)alK'  [cxy)  X(y\dy  — 
dx  J 
0 

_^L  t*(i  —  x*)an(\-y*)*n K(cxy)X(y)dy. 

1  —  X*  J 


X  «)  =  (!—  <*)a/sX«). 


or 


+  f  rioM"-'" 


*\«/s 


(l-y*)0/l/C(cxy)~-dir. 


dX 


dc 


After  multiplying  both  parts  of  this  equality  to  X(x,  c)  and  after 
integrating  from  0  to  1,  we  will  obtain 


<e-ixrh 

.  I*r-  |a>w<i». 


Page  132 


DOC  =  81082104 


PAGE  2#''" 

/it 

Hence  already  it  is  possible  to  do  a  conclusion  about  different 
character  of  dependence  of  losses  in  cases  «=0  and  a/0.  Actually, 


when  a=0  ve  have 


dp  p  rx*(c.  i)  _  .  I 

*  2e  [  ||  ATII*  j* 


In  the  a pproxiaation/apprcach  in  question  the  norm  of  function 
li-V(0ll*  is  determined  in  essence  by  contribution  fro*  X'm  n(c,  t),  so 
that  , 

i 

i  A  !!*  a  ~L  '  f  e-(’  /2m+'  [L”  ( W  dt  as  r(n+-w+-1)-  . 

‘  i  *  J  j  2  Vr  (n  + 1) 

Thus,  for  eigenvalue  of  p  (c)  finally  we  have 

^^in+im+2 

,r~2~  ,  *  r  (<i+l)  r  (<i+m+l>  — 2c  „2n+m+l 

\  /  —  p  as  const  — —  e  e  c 

V  n  |c 


Since  the  losses  in  the  systen  with  c-oo  are  absent,  the  present  here 
constant  is  equal  to  unity.  Using  the  fact  that  with  large  c  the 
index  of  exponential  curve  -  snail  number,  we  obtain 

i/2  p,  <am- - . 

V  ft  )  e  T(n+  l)r(«  +  m+  I) 

It  is  evident,  thus,  that  the  losses  in  systens  are  deter  oined 
by  the  intensity  of  field  on  the  edge  of  nirror,  through  which  occurs 
leakage  of  energy.  Let  us  consider  now  the  case  aj*0.  For  the  nirrors 
with  the  variable/alternating  transparency  we  have 


i  r  XV) 


££  =  _.£.  (1+2*)-2 r-l-\mLdx 
*  2c  '  Hill*  J  I  —  * 


I 
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Since  function  X  (x)  is  final  with  x=1,  for  any  «>0  integral  in  right 
side  (15)  converges  and  losses,  thus,  are  detersined  by  the  values  of 
the  intansity  of  field  X2  (x)  en  the  entire  surface  of  eirror,  but  not 
only  on  the  edges.  This  undoubtedly  it  answers  the  physical  essence 
of  problea,  since  in  the  presence  of  variable/alternating 
transparency  in  the  eirrors  of  resonator  energy  passes  through  the 
■irrors  (or  it  is  absorbed)  on  the  entire  surface. 


Let  us  rate/estiaate  integral  in  the  curly  braces  of  equality 
(15).  Since  fundaaental  contribution  introduces  function  „(c,  x), 
then  approximately  we  have 


Page  133. 


i  r  *«  (x)  dx 

11*11*  j  »-* 


_  j_ 

J  1 
0 


-  J 

e  4 

“ 1  ^  iiW  J  Xix'wdx=  1  + 


_ ! _ i_ 

2c  1 7  ||*||* 


xim+l> 


Since  c  is  great,  it  is  possible  to  use  the  equality 


e-‘  xm  1  L”(X)]-  dx  =  -Lm±  l>r(n-rW4-  i) 
1  "  1  r*<n-u  1) 


<0* 


„  ,  2  -r  m  «i  +  3  •»</ 

F  — - —  — - —  ,  m  —  1 ;  - - - \ 

V  2  2  W  +y)t  I 


4  u 


(1  +  y)m+2 
«-» 


y-o 
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where  P(a;  b;  c;  z)  -  hypergecaetric  function.  Thus, 


lnp  3s  In - 

I  C 


a(m  4-  1 ) 
c  f  ( 1  —  ft) 


fl*  —  In 


where 


a 


m  __ 
n 


m  3  4  y  \ 

T  ~  2  ;  mTl’  7T~^I 

d  +  y)2+m 


(l—f/i 


or 


l 

const  — — 
1  e 


f(l  -n) 


Are  here  left  two  terns  of  the  expansion  of  exponent  into 
serias/row,  since  with  fixed/tecorded  n,  n,  a  and  large  c  second  tera 
is  snail.  The  being  present  here  constant,  as  in  the  case  <x=Q,  it  is 
equal  to  unity.  This  can  be  comprehended  fron  the  following 
considerations:  in  spite  of  the  absence  of  ideal  reflection  fron  the 
nirrors  of  resonator  nodes  of  wibration  with  increase  c  brace 
♦•henselwas  to  the  center  of  airror,  so  that  in  the  linit  they  are 
degenerated  into  the  inf initesiaally  narrow  peak,  which  occupies 
position  t=0,  where  the  reflecticn  coefficient  is  equal  to  one. 
Therefore  with  c-oo  losses  in  such  a  system  as  before  will  not  be. 

This  fact  will  occur  net  only  for  the  confocal  geometry,  but  alsc  for 
any  resonator,  formed  by  spherical  mirrors  of  an  arbitrary  radius 
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(but  not  by  the  flat/plane  or  to  then  equivalent)  and  locating  in  the 
stability  region. 

Thus,  finally  we  obtain 

(t  -4r«rf)-  "6' 


Page  134. 

The  corresponding  relationship/ratio  for  the  resonator  in  the  fore  of 
infinite  bands  will  be 

a  i"(l  (2n  +  l)*~j  •  (17) 

Hence,  in  particular,  for  the  fundamental  oscillation  we  obtain, 
which  in  this  approximaticn/approach  of  loss  in  the  resonator  with 
the  circular  eirrors  is  two  times  sore. 

The  account  of  variable  reflection  coefficient  for  the 
eigenvalue  of  equ.  (3)  leads  to  the  representation 

dac(2n  +i)c-[5i2±il  +  a  +  J_j +d.  (2n  +  i}*x 
x[a»-Jg+-"  +  3  j. 

In  Pig.  1  and  2  are  constructed  according  to  formulas  (5a)  and 
(5b)  the  square  moduluses  of  the  eigenvalues  *  with  a-0. 5;  1.5;  2.0; 
2.5.  Are  there  for  the  comparison  given  the  values  for  a=0  and  «*1, 
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undertaken  f roe  work  [2]. 

Pig.  3  gives  the  eigenfunctions  of  resonator  with  the  airrors  in 
the  fora  of  infinite  bands  for  ar=0;  0.5;  1.0;  1.5;  2.0;  2.5  with  c=4. 
Is  evident  the  increase  of  effective  radios  of  field  distribution 
with  the  post  a. 

Pig.  4  depicts  the  results  of  calculating  the  square  aoduluses 


|0(v|s  for  the  sane  values  a 
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Fig.  1. 
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tet  us  note  also  that  the  diagram  of  the  solution  of  egu.  (3) 
and  (8)  remains  previous  and  «hen  a-composite  number,  k 
coe^ficf  eat  of  reflection  of  .irror  according  to  the  law  A  «iU  be 
equivalent  in  this  case  tc  a  -s«l  change  in  the  coefficient  of 
reflection  of  mirrors  according  to  the  law  and  certain  of 


their  curve 
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Pig.  2. 


Fig.  3. 


Key:  (1).  Belative  aaplitude.  (2).  Relative  size/dimansion. 
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If  we  pra39nt  the  fere  of  the  eirrors  of  symmetrical  resonator  in  the 
fore  z^x)  =  f{x).  Zfiy)  =  L  —  ~  f  (y),  then  it  is  easy  to  ascertain  that  factor 

(1— t})j£  leads  to  the  curve  cf  the  fora  of  the  mirrors  of  confocal 
resonator,  determined  fcy  the  relationship/ratio 

fix)  =  x»  +  —  In (1  -  x»). 
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Hence  it  is  apparent  that  this  change  in  the  reflection  coefficient 
does  not  answer  physically  correct  problem,  since  with  x-*1  the 
divergence  of  the  form  of  mirror  from  the  plane  approaches  infinity. 
However,  as  show  to  Fig.  5,  on  the  larger  part  of  the  surface  of 
mirror  (up  to  0.8-0.85)  the  value  -  0.7  In  (1-x2)  comparatively 
little  differs  from  x* ;  therefore  it  is  possible  to  expect  that  the 
solutions,  obtained  from  (3)  and  (8)  with  the  composite  a,  will 
satisfactorily  describe  the  resonators,  formed  by  spherical  mirrors 
of  arbitrary  radius  of  curvature. 

Fig.  6  and  7  depict  the  results  of  calculation  for  c=3,  A=0, 
3=2.1,  which  approximately  corresponds  to  the  resonator,  formed  ty 
flat/plane  mirrors.  There  fcr  the  comparison  (broken  lines)  are 
Dresentad  the  results  for  the  exact  solution  of  flat/plane  resonator. 
It  is  evident  that  the  coincidence  is  satisfactory,  with  exception  of 
the  behavior  of  phase  on  the  edges  of  mirrors. 

Fro*  a  theoretical  point  of  view  the  resonators  examined  are 
interesting  in  that  the  integral  equation  for  them  is  reduced  to  the 
differential  whose  solution  simpler  and  with  the  small  numbers  c 
(c<6)  is  obtained  rapidly  by  the  method  of  continued  fractions.  For 
large  c  it  is  possible  to  use  asymptotic  representation. 


DOC  =  8  1082104 


PAGE 

/el 


Key:  (1),  Relative  amplitude.  (2).  Relative  siza/dimansion. 

Page  138. 

However,  from  the  practical  side  the  resonators  with  tha 
variable  reflection  coefficient  froe  the  airrors  malce  it  possible  to 
obtain  the  supplementary  rarefaction/evacuation  of  the  spectrum.  Let 
us  compare  the  given  results  with  the  results,  obtained  in  work  [ 1 ], 
where  the  coefficient  of  reflection  of  airrors  is  accepted  by  that 
changing  according  to  the  lawe“*^-\.  In  the  approximation/approach  in 
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question  for  tha  ccnfocal  resonator  accordingly  [  1  ]  we  have 

M-  I  — (2rt  +  I)  . 

Comparing  this  expression  with  (17),  we  see  that  with  a>2  it  is 
possible  to  ensure  large  selectivity.  In  work  [1]  the  paraneter  a 
defines  simultaneously  both  the  character  of  a  change  in  the 
reflection  coefficient  and  effective  size/di aension  of  mirrors  (i.e. 
parameter  c)  .  In  this  case  there  is  one  additional  parameter,  namely 
a.  Since  the  value  a  is  inexpedient  to  select  too  large,  then  it  is 
clear  that  the  law  of  a  change  in  the  selectivity  little  is  sensitive 
to  the  law  of  a  change  in  the  coefficient  of  reflection  of  mirrors. 

Por  the  comparison  of  selectivity  with  the  nonconfocal 
geometries  (in  this  case  with  the  composite  ones  a)  it  is  necessary  in 
formula  (15)  to  take  into  account  the  members  of  order  '/ci. 

The  authors  are  grateful  to  L.  K.  Weinstein  for  the  attention  to 


the  work. 
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Pig.  7. 

Key:  (1).  Relative  phase  deg.  (2).  Relative  size/dinension. 
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Page  140. 

nethod  of  the  study  of  complex  waveguida  junctions  with  one  or 
several  regions  of  communication. 

S.  T.  Butakova. 

Is  obtained  the  formula  cf  the  scattering  matrix  of  the 
connections  of  regular  waveguides  with  the  heterogeneities,  which 
makes  it  possible  to  perform  the  calculation  of  different  plumbing  on 
the  computer (s)  with  any  preset  accuracy.  Sre  brought  out  tha 
particular  formulas  of  the  scattering  matrices  of  several 
devices/equipment  SVCh  in  rectangular  waveguide  with  waves  Hm%. 

Introduction. 

In  different  waveguide  diagrams  extensively  is  used  slotted 
bridge  [1,  2]  and  waveguide  development  on  180°  [2].  The  simplest 
slotted  bridga  consists  of  the  pair  of  rectangular  waveguides  of 
identical  height,  which  have  the  genera 1/c cmraon/tctal  narrow  wall, 
theoretically  infinitely  thin,  from  which  is  distant  the  cut  by 
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length  £.  Formed  thus  wide  waveguide  by  length  t  call  region 
connections/communications.  During  the  specific  selection  of  the 
relationships/ratios  between  the  sizes/diaensions  of  waveguides,  the 
length  of  the  region  of  ccnnecticn/communica tion  and  the  wavelength 
two  of  adjacent  arm  prove  to  fce  untied,  and  in  other  two  arms 
high-frequency  energy  is  divided  in  the  preset  sense. 

Waveguide  development  can  be  obtained  from  the  slotted  oridge  by 
installing  a  short-circuiting  Flate  in  the  transverse  jointing  plane 
cf  wide  waveguide  with  the  narrow  ones.  In  th9  waveguide  development 
geometric  dimensions  are  selected  from  the  condition  that  entira/all 
energy  from  one  arm  passes  intc  another  at  the  preset  wavelength.  Are 
kncwn  the  methods  of  calculation  of  these  devices/equipment  of 
simplest  form  [1,  2]. 

Real  bridga  and  development  differ  from  idaal  ones  in  terms  of 
the  final  wall  thickness  between  the  narrow  waveguides.  Furthermore, 
for  an  improvement  in  the  range  properties  in  the  bridge  and  the 
development  usually  provide  for  elements/cells  agreements.  As  the 
latter  sometimes  are  utilized  the  steps  in  the  region  of 
connection/communication  (an  abrupt  change  in  the  cross  section  cf 
wide  waveguide).  The  calculation  of  bridge  and  development  of  complex 


form  is  absent 
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For  the  study  of  bridge  and  development  let  us  use  the  detailed 
apparatus  of  linear-network  theory.  From  the  point  of  view  of  this 
theory  the  devices/eguipment  being  investigated  are  the  multipcles  a 
number  of  terminals/grippers  of  which  la  equal  to  a  total  quantity  of 
taken  into  consideration  its  own  waves  in  four  bridge  arms  or  in  two 
arms  of  developaent.  In  the  tbecry  of  circuits  the  devices/equipment 
dismember  to  the  separate  sufficiently  simple  eleaents/cells  and  by 
at  first  any  method  are  determined  the  scattaring  matrices  of  these 
eleaents/cells.  Then,  utilizing  connection  conditions,  find 
scattering  matrix  de vices/eguipaent  as  a  whole  [1-6]. 

Page  141. 

Let  us  divide  bridge  and  development  by  transverse  planes  so  as 
to  separate/liberate  the  regular  cuts  of  waveguides  from  the 
heterogeneities.  Por  example,  it  is  possible  to  isolate  two  waveguide 
joints  and  regular  regions  of  the  wide  waveguide  of 

connection/coaaunication.  Let  us  assume  that  it  was  possible  to  find 
the  scattering  matrices  of  heterogeneities,  in  reference  to  the 
limiting  planes.  For  the  determination  of  fu ll/total/completa 
scattering  matrix  as  conveniently  it  is  accurately  necessary  to 
consider  the  following  special  features/ peculia ri tie s  of  the 
connecting  waveguides. 
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with  the  incids nce/drop  on  the  heterogeneity  of  any  own  type  cf 
waves  in  the  adjacent  waveguides  is  excited  denumerable  set  of 
natural  waves.  Each  its  own  wave  is  characterized  by  different  from 
by  another  phase  velocity  (with  exception  of  the  degenerate  modes)  . 
Therefore,  after  covering  a  distance  from  one  heterogeneity  no 
another,  each  of  modes  acquires  different  phase  displacement, 
proportional  to  their  longitudinal  wave  number. 

In  the  existing  works  where  is  used  the  analogous  method  of  the 
separation  of  plumbing  in  the  regular  and  irregular  regions, 
waveguides  were  examined  in  the  form  of  long  lines,  since  was 
considered  the  single  propagated  transmission  mode  [7,  8],  This 
simplification  is  useful  only  when  the  heterogeneities  are 
arranged/located  sufficiently  far  from  each  other.  The  simplification 
indicated  cannot  be  used  in  the  case  when  in  the  regular  waveguides 
can  be  propagated  two  and  mere  than  waves. 

The  purpose  of  this  work  was  the  development  of  the  method  cf 
computing  the  scattering  matrix  complicated  waveguide  junction  taking 
into  account  special  features/peculiarities  indicated  above  and  the 
use/application  of  a  method  for  obtaining  the  scattering  matrix  of 
slotted  bridge  and  waveguide  development  with  two  H-plane  jumps  of 
cross  section  in  the  region  of  connection/communication  upon 
consideration  of  the  genera  1/common/tota  1  wall  thickness  of  two 
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tiff 

waveguides.  In  the  latter  case  was  utilized  the  exact  solution  of  the 
elactrodynamic  task  about  the  wave  diffraction  on  the  edge  of  the 
infinitely  thin  ideally  conducting  semi-infinite  plate,  placed  into 
infinite  rectangular  waveguide  in  parallel  to  narrow  wall.  Scattering 
matrix  of  the  joint  of  wide  waveguide  with  two  narrow  ones  in  the 
transverse  plane,  passing  through  the  edge  of  plate.  It  was  obtained 
in  work  [2]  by  Wiener- Hopf- Foch *s  method . 

General  nethod  of  the  solution  of  problem. 

Let  us  examine  the  waveguide  junction,  shown  in  Fig.  1,  In  the 
region  of  connection/communicat ion  St  converge  the  semi-infinite 
regular  waveguides  A,  ...,  B,  ...,  C  and  the  cuts  of  the  regular 
waveguides  T,  V,  W  . . .  ,  which  connect  Sx  with  the  regions  of 
connection/coamunication  S2,  Sj,  S*  ...  and  having  lengths  lt,  12,  13 
....  waveguides  D,  ...,  F,  ....  G ;  K,  ...,  M ,  ...,  P .  Q,  . . . , 

R,  ...,  which  converge  in  S2,  s3f  S*,  regular,  seal-infinite.  Small 
letters  in  Pig.  1  designated  transverse  boundary  planes,  relative  to 
which  are  determined  the  scattering  matrices  of  the  regions  of 
connection/communication  Su  St,  5,  St  .  .  . 

Page  142. 


Let  us  find  the  scattering  matrix  S  of  complicated  waveguide 
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junction  (Fig.  1)  from  the  kncwn  scattering  matrices  of  the  regions 
of  connection/co maunication,  the  longitudinal  wave  nuabers  of  its  own 
waves  of  the  waveguides  of  ccnnection/comaunication  T,  V,  W  ...  and 
the  presat  lengths  \lt  l2,  l3  .... 

By  analogy  with  works  [3,  6]  let  us  coapose  of  the  coefficients 
cf  girders  Sw  3  2,  ...  coupcund  matrix/dia  "Sc.  It  are  conveniently 

composed  so  that  it  would  be  possible  to  break  into  the  cages  by  the 
horizontal  and  vertical  solid  lines,  which  separate/liberate  the 
submatrices,  which  relate  to  the  boundary  planes  of  semi-infinite 
waveguides,  from  the  subaatrices,  which  relate  to  the  boundary  planes 
of  the  waveguides  of  ccnnecticn/coamuniration.  In  accordance  with 
that  presented  compound  aatrix/die  Sc  can  be  presented  in  the  form 
cf  the  call  aatrix/die: 


DOC  =  81082105 


PAGE 


I  If. . 

.  z,  1.  2. 

P.  P  +  1.  ■ 

a.  b.  c.  d.  f, 

,  k,m,n,  p,  q,  r. 

t.  a,  w. 

r 

9 

9 

1  a 

~  _  I 

| 

b 

Yu  j  0 

0  1  0 

Yu 

0 

0 

0 

c 

_ 1  _ 

1 

d 

1 

1 

f 

0  |  ;u 

0  I  0 

0 

_ 

?;u 

0 

0 

e 

1 

1 

•  k 
m 

1 

0  |  0 

!n  !  0 

0 

0 

*11 

0 

n 

1 

1. 

P 

1 

_ 

P 

0  i  0 

0  |  ~u 

0 

0 

0 

wit 

5C=  Z  ' 

1 

1 

c  1  t 

1 

" 

■j 

v«i  ;  0 

0  1  0 

Yn 

0 

0 

c 

w 

1 

| 

Q 

•>-1  * 

1  _ 

0  j  &„ 

1 

0  j  0 

1  1 

0  }l» 

> 

0 

0 

9 

1 

0  j  0 
\ 

1 

ra  J  0 

1 

j 

0  }  0 

_ 

tl 

* 

0 

-p  9 

t 

0  |  n 

_  f 

1  _ 

°  ! 

0 

0 

0 

1 

1 

_ . 

2  P 


S“  S*# 
5P0 

(1) 


Here  3tt,  «^t  ^  .  .—  the  cages  of  matrices /dies  5,.  S*  5,,  5«..;  indices  a 
relate  to  rhe  boundary  planes  of  semi-infinite  waveguides;  indices  8 
-  to  th?  boundary  planes  of  the  waveguides  of 
connect! on /communication. 


Page  143. 

In  the  designation  of  matrix/die  Sc  is  introduced  dual 
numbering  for  the  rows  and  the  ccluans.  The  series/row  of  numbers  I, 
II,  ....  Z(Z-*-|  belongs  to  the  amplitudes  of  its  own  waves  from  th-» 
lowest  to  the  high  ones  in  the  boundary  planes  semi-infinite 
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waveguides.  Series/rows  1,  2,  ...,  p  and  p  *1 ,  ...»  2p  (?->•)  relate 
to  the  amplitudes  of  their  own  waves  in  the  limiting  planes  of  the 
waveguidas  of  connection/communication  (t,  v,  w,...  and  r,  +,  t  ••• 
respectively).  If  tha  values  of  values  Z  and  p  are  final,  then  this 
means  that  in  the  semi-infinite  waveguides  it  is  taken  into 
consideration  in  sum  of  Z  of  its  own  waves,  and  in  the  waveguides  of 
connection/coamunicaticn  -  r  cf  their  own  waves. 
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Fig.  1. 


Page  144. 

Equations  for  the  amplitudes  of  tha  incident  (•*•)  and  reflected 
(-)  their  own  waves  in  the  bcurdary  planes  of  regular  waveguides  take 
the  form: 

Cz-srz Z  +  s*'u?\  {2) 

IT  =  s^DZ +  . 

Here  OZ .  (St .  (ST  •  (S7  —  cell  matrix  columns: 
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where  “f  (i  =  a,  b,  . ..,  *,  y)  -  the  matrix  columns, 

elements/cells  of  which  are  the  amplitudes  of  their  own  waxes  in  the 
appropriate  boundary  planes. 

To  matrix  equ.  (2)  oust  be  superimposed  connection  conditions, 
in  ord«r  to  exclude  voltages  Of.  These  conditions  must  consider  the 
special  f eatures/pecul iarities  cf  the  connecting  waveguides, 
indicated  in  the  introduction.  In  contrast  to  [3,  6],  connection 
conditions  for  the  regular  waveguides  r,  7,  8  ...  let  us  record  in 
the  form: 

u?  —  T  u7,  ut  =*  T  uT, 

~u7  =Vu7  ~H;  =*V~u7.  (4) 

=  w  u7.  U+  =  W  . 

where 
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T„  Vt,  (i  =  l#  2  ...)  -  longitudinal  numbers  of  modes  in  waveguides  T, 
V,  M.  Let  us  designate 

0  0 

V  0 
0_  f 

:  ~o 


Page  145. 


If  there  is  a  single  waveguide  of  the  connection/comaunication 
by  length  l,  in  which  is  considered  only  one  transmission  mode  witr. 
the  longitudinal  wave  number  T,  cell  matrix/die  (6)  is  converted  into 
the  Known  scattering  matrix  of  long  line  with  the  electrical  length 
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[time  function  exp(-iut)]: 


(6a) 


By  analogy  it  is  possible  to  name/call  the  infinite  square  cell 
quasi-diagonal  matrix/die  9,  preset  by  expression  (6)  taking  into 
account  (5) ,  the  scattering  matrix  of  the  waveguides  of 
connect ion /communication. 


Taking  into  account  designations  (5),  (6)  the  conditions  of 
connection/communication  (4)  let  us  record  in  the  form: 

Ut  =  STTr-  (7) 

After  substituting  equalities  (7)  into  the  system  of  equ.  (2), 
we  eliminate  fields  in  the  waveguides  of  ccnnection/communication.  As 
a  result  we  obtain  the  unknown  matrix/die  S  of  complicated  waveguide 
circuit  {Pig.  1)  : 

uz  =  sui, 

S  =  Saa  +  Sa*{T'—S*)~'sta.  (8) 

After  excluding  voltages  UZ  from  system  (2)  with  the  aid  of 
conditions  (4),  we  obtain  voltages  on  the  boundary  planes  cf  the 
waveguides  of  the  connect ion/ccmmunication  : 

Ut  -  Ut  +{7r  =  [0 


(9) 
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where  1  -  unit  matrix,  order  of  raatrix/dia  fl-*. 

Ose/appl ication  of  the  obtained  results  to  special  cases. 

A.  System,  depicted  in  Pig.  1,  when  single  waveguide  of 
connection/communicati cn  is  present,  is  converted  into 
device/eguipment  of  type  of  directional  coupler  (Pig.  2a) ,  which  is 
extensively  used  in  different  waveguide  diagrams. 

Page  146. 

For  this  case 

_  _  n 

‘l  —  T  ~ _ ■  IIP) 

_  .  T  0  . 

tlatrix/die  T  let  us  name/call  scatterings  of  regular  waveguide. 
The  matrix  elements  of  scattering  the  connection  with  one  waveguide 
of  connection/ccmmunication,  depicted  in  Pig.  2a,  can  be  found  from 
the  formulas: 

SAB  =  5*  +  S"(TSXX)  IF-  if  S”)  (TS")\-'  (TS‘b ).  (ID 

SM~S"\\-(Ts“)(TS”)\-'(Ts't).  (12) 

=  s*  1 1  -  (r  s")  (rs")r‘  ( ts “).  <i3) 

S™  =  S**  +  S<I'(T  S")|F-(f5")(f  S”)!-'  (TS'*).  (14) 

It  is  not  difficult  to  see  that  equalities  (11)-(14)  are 


DOC  =  81082105 


PAGE 


suitable 

junction 

quantity 

S2. 


Cor  the  deter minaticn  of  the  cages  of  aatrix/die  S  of  the 
of  two  regions  of  connection/comaunication  independent  cf  a 
of  semi-inf inite  waveguides,  which  converge  in  regions  St , 
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Page  147. 

B.  soae  concrete/specific/actual  eabodiaent  of  system  with  one 
waveguide  of  connaction/ccmaunication  are  represented  in  Fig.  2b ,  c, 
d.  Are  given  ll-plane  sections  cf  three  de  vice  s/equip  ne  nt  on 
rectangular  waveguides.  The  transverse  plane  z=0  in  these 
devicas/equipaent  is  the  jointing  plane  of  two  narrow  waveguides  with 
the  wide;  this  joint  we  will  consider  the  first  region  (here  -  by 
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plane)  of  connection/coaaunicaticn. 


The  scattering  aatrix  of  jcint  z=o  in  the  designations  of  figure 
2b  is  written/recorded  in  the  fora 


s“islJjsu~ 

jHfjp 

_snjs,2jsM_ 


{/Vm}|  (fim) 


{Mm} 


(Mn)  i  {Nn)  \  {Rn) 
{Mr}'  {A/r}|  {Rr}  J 


(15) 


In  the  right  matrix/die  stand  the  designations  of  cages  froa 
work  [2],  in  which  were  obtained  the  for  aulas  for  from  the 
coaputation. 


The  second  region  of  connection/con  muni cation  Pig.  2b  depicts  by 
certain  heterogeneity  in  cne  cf  the  narrow  waveguides  with  the 
scattering  matrix  5.: 


5. 


S'3 


(16) 


The  calculation  of  this  device/equi paent  is  conducted  according 

to  formulas  (11) -(14),  where  they  are  done: 

A-*l\  3-*ll ;  L\  G-» III, 
a  -  l;  6-2;  d,  j?-3. 

Under  condition  1^0  in  this  case  the  formulas  of 
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matrices/dies  S11,  S1**,  S1111  become  analogous  to  expressions  (2)  - 
(4)  work  [  4  ],  by  the  obtained  method  of  the  generalized  scattering 
matrix.  If  load  is  the  ideally  reflecting  wall,  then  aatrix  elements 
5,  are  represented  in  the  fere 

S"  -  —  f,  S3'  =  0. 

Then  with  1=0  from  foraulas  ('ll)  —  (14)  are  obtained  the  cages  cf 
the  scattering  aatrix  cf  step  in  the  waveguide  (joint  of  tha  wide 
waveguide  I  with  narrow  II): 

s*— 3‘<(r+sM)~1s“,  d7) 

where  with  A=I,  II  a=1.2;  with  B=I,  II  b=1.2. 

The  fcraulas  cf  a atrices/dias  S 11 ,  5  111  steps,  obtained  from 
(17),  are  analogous  to  egualities  (32),  (33)  work  [4],  However,  the 

f ull/total/coaplete  aatrix/die  cf  step  in  work  [4]  was  not 
det erained. 

Page  148. 

C.  In  sj  aplast  slotted  bridge,  depicted  in  Fig.  2c,  second 
region  of  connection/coamun  icaticn  is  airrer  reflection  of  joint  z=o. 
In  accordance  with  the  designations,  accepted  by  Fig.  2c,  thi- 
scattering  matrices  of  joints  take  the  fora 


i 


DOC  =  81082105 


PAGE 


~  s"  S^_  S12 1  ("  {Mm}  {,Vm}  (Pm)  1  T  5’*  S'4  ' 

£^_5^S^  -=  =  S^FF  .  (18) 

_  _S*  S21  Sa  J  L  W  M  j  {/?r}  .  I47  S43  S44 

Tha  cages  of  tha  scattering  matrix  of  the  simplest  slotted 
bridge  are  determined  by  formulas  (18),  (11)  -(14),  in  which  it  is 
necessary  to  replace  in  accordance  with  the  designations  in  Fig.  2c: 

(OnpH  A  =  I,  II  a  —  1,  2;  ^npH  B  =*  /,  //  6  =  1.21 

@npH  D  =  111 .  /V  d  =  3,  4;  ^npw  G  =  ///,  W  g  »  3.  4  j  ‘ 

Key:  (1)  .  with. 

Tha  waveguide  development  by  180°  in  Fig.  2d  differs  from  the 
slotted  oridga  only  in  terms  of  presence  of  the  short-circuiting 
cross  connection  instead  of  joint  z=i.  In  this  case  (11)  -  (14)  is 
obtained  the  expression  fcr  the  determination  of  the  cages  of  the 
scattering  matrix  of  the  simplest  development: 

5^„poT,  =  5a*-5a<(r-v  rr?')'1  Tfs‘\  (20> 

where  with  A*I,  II  a=1.2,  with  B=I,  II  b*1.2. 

In  work  [2]  by  the  experiment  of  repeated  re-reflection  and 
mutual  transformations  of  its  own  waves  in  the  region  of  the 
connection/communicaticn  cf  fcridce  and  development  with  the  identical 
narrow  waveguides  obtained  elements/cells  with  indices  of  tne  II 
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following  cages  of  scattering  matrices: 

0>jun  Mocra  S[[  -  S" '  -  S'{‘  '  -  £"  '  =  £" 

(Vw*  pasBopora  £[[  =  EN,  S '{ '  =  £„ 

Key:  (1).  for  the  bridge.  (2).  for  development. 

In  equalities  (21)  to  the  right  stand  designations  of  work  [2]. 

Let  us  note  that  the  mentioned  nethod  of  the  generalized  scattering 

matrix  [4]  so,  the  account  of  the  re-reflection  of  single  the  node 

between  two  waveguide  joints  [7,  8],  is  a  special  case  of  the  method 

of  the  study  of  repeated  re-reflection  and  mutual  transformations  of 

waves  on  heterogeneities  [2],  In  the  first  two  methods  are  not 

considered  the  mutual  transformations  of  modes  that  it  does  not  give 

the  possibility  to  conduct  the  calculation  of  the  de vices/egui pa ent , 

which  consist  of  the  heterogeneities,  connected  by  the  cuts  of  the 

regular  waveguides  of  finite  small  length.  At  the  sane  time  the 

investigation,  made  in  work  [2],  can  be  considered  the  illustration 

* 

of  the  general  physical  laws,  described  by  formulas  (8),  (9)  this 

work. 

Page  149. 


D.  Prom  formulas  (8),  (9)  as  special  case  escape/ensue 
expressions  for  scattering  matrix  of  junction  of  linear  multipcles 
(7.111),  (7.113)  in  monograph  [3].  Let  in  the  semi-infinite 
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waveguides  of  the  system  Fig.  1  it  calculate  on  the  basis  of  one  own 
type  of  waves,  and  in  the  waveguides  of  connection/comaunicaticn  T, 
v,  W-f,  (g-f),  (p-g)  waves  respectively,  if  the  length  of  the 
waveguides  of  connacticn/coaaunication  is  Bade  equal  to  zero,  then 
for  this  system  equivalent  diagram  will  take  the  form,  shown  in  Fig. 
3a.  For  the  case 


in  question. 


1*  I  0 


(6* 


It  is  obvious  that  in  this  formula  the  order  of  matrices/ dies 

C  at  — » 

9  "»  and  1  is  identical,  and  the  order  of  matrix/die  1  half  the  order 
of  matr:  x/die  ». 


Talcing  into  account  (6b)  formulas  (8)  ,  (9)  take  the  form: 

S  =  S“fSa,(T-SM)'lSta,  (22) 

Z/9»[(r~  V(\-s^)~'sta}U;.  (23) 

Formulas  (22),  (2  3)  differ  from  (7.111),  (7.113)  only  in  terms 
of  the  presence  of  the  square  aatrix/die  "f  instead  of  introduced  in 

a 

this  worfc  «atrix/die  1. 
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Pig.  3. 


Page  150. 


Matrix  elements  F  are  unity  and  zero,  moreover  unity  relate  to 
the  terminals/grippers,  which  are  subject  to  the 

connection/communication  between  themselves;  remaining  coefficients 
are  equal  to  zero.  Taking  into  account  that  in  Fig.  3a  are  connected 
terminals/grippers  I  and  p*1,  2  and  p«-2,  .  ..  ,  p  and  2p,  we  note  that 
for  this  numbering  aatrix/die  P  is  equal  to  1.  The  formula,  which 
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considers  repeated  nave  diffractions  around  the  bodies  of  complex 
fora,  obtained  in  [5]  by  the  method  of  scattering  matrices,  differs 
froa  (22)  only  in  terms  of  the  designations  of  the  aatrices/dies  of 
partial  heterogeneities  and  in  teras  of  aatrix/die  f  (instead  of  1) 
which  nakes  sense  of  value  P. 


E.  Expressions  (11)- (1h)  it  is  not  difficult  to  use  for 
calculating  scattering  matrix  system  of  two  multipoles,  connected 
with  cuts  of  long  lines  with  an  electrical  length  of  8,  =  7'</i.  where 
i=1.  2,  ...»  p  (Pig.  3b).  For  this  in  (11)-(lh)  it  is  necessary  to 
introduce  the  replacement: 


e 


T 


0 

0 


0  0 

e”’  0 

0  ei,<  .0 
•  0 


(24) 


A  finally  special  case  of  the  reference  system,  depicted  in  Fig 
1,  is  t'na  aultipole  to  which  are  connected  the  guadrupoies  by  the 
cuts  of  long  lines  (Pig.  3c).  The  scattering  matrix  of  the  i 
quadrupole  let  us  designate  F(,  the  electrical  length  of  the 
corresponding  long  line  cf  communications  gt(i=1,  2,  ...,  p) . 

The  formula  of  the  scattering  matrix  of  the  system,  depicted  in 
Fig.  3c,  we  will  obtain  from  expressions  (6),  (8)  by  replacement 
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f-$,.  where  "6,  is  preset  by  equality  (24).  If  in  the  case  of 
connaction/communication  of  two  multipolas  (Fig.  3b)  in  compound 
matrix/die  (1)  at  places  stand  corresponding  indexes  i ,  k 

of  the  cage  of  the  matrices/dies  of  multipcles  *S2,  *53...,  then  for 
the  case  of  Fig.  3c  at  the  places  of  compound  aatrix/die  indicated 
stand  number-el? mants/cells  of  the  square  aatricss/dias  of  second 
order  fr 


The  system,  depicted  Fig.  3b,  and  also  a  special  case  of  the 
zero  length  of  all  lines  (l;=C)  in  Fig.  3c  examines  in  [1].  However, 
there  the  analysis  conducted  is  very  complex. 

Taxing  into  account  that  outlined  above,  it  is  possible  to  make 
the  conclusion  that  formulas  (8),  (9)  generalize  the  results  of  the 
theory  of  linear  multipoles  [3,  6]  and  long  lines  with  loads  [  1],  and 
also  the  method  of  the  generalized  scattering  matrix  [14]  and  account 
of  repeated  diffractions  with  the  aid  of  the  scattering  matrices  [5] 
to  the  calculation  of  complicated  regular  circuits  with  the 
heterogeneities. 

F.  Lat  us  usa  described  method  to  determination  of  scattering 
matrix  of  slotted  bridge  and  waveguide  development  with  thick 
internal  wall  and  steps  in  region  of  con naction/communication.  In 
Fig.  4e,  is  shown  tha  section  of  bridge  in  plant*  H.  Waveguide 
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development  tie  will  obtain  from  this  bridge,  after  supplying  shorting 
device  in  the  plane  rr. 

Page  151. 

During  the  derivation  of  the  formulas  of  the  scattering  matrices 
of  such  devices/equipment  let  us  take  as  the  base  the  scattering 
matrix  of  the  waveguide  joint,  shown  in  Pig.  4a  in  plans  z=0. 
Scattering  matrix  cf  this  joint  was  determined  by  formula  (15) .  The 
scattering  matrix  of  joint  z=  1  in  Pig.  4a  let  us  determine  in 
accordance  with  the  designations,  accepted  by  this  figure,  in  the 
form 

Srtj  Su  r  {Afm}j(iV*w)  j{/?m}  ~ 

S_,-  =  (**/!}  {/fa}  (25‘ 

_  54t  |  S<3 1 S"  _  /  .  {Mr)  i  {Nr}  !  {/?r}  .  , 

In  aquality  (25)  index  l  is  set  in  order  co  emphasize  a 
difference  in  tae  geometric  dimensions  of  joints  z=0,  z=l  in  Pig.  4a. 


.  « 


Fig.  4. 


Page  152. 


Lat  us  use  formulas  (11)- (14)  to  the  devica/equipmer.t ,  depicted 
in  Fig.  4a.  Talcing  into  account  designations  (15),  (25)  with  i=o  we 
will  obtain  the  formulas  of  the  cages  of  the  scattering  matrix  of  the 
transition/ junction  of  wide  waveguide  to  three  narrow  ones: 
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SAB^Sat  +  s-5*  (1-5"  ST'  s'4, 

#  > 

oj  r*e  npa  j4  =  /,  //  a  =  1,  2,  a  TaKwe  rrpH  4  =  ///,  IV  a  -  3,  4, 

(j)npH  B  =  /,  //  6  =  1,  2,  npH  S  =  ///,  /V  *  =  3,  4; 

5'w  =  5*(r-S"5tT1Stf. 

©  W  npH  A  =  I,  II  a  =  1,  2,  a  Ta'tfwe  npH  A  —  111,  IV  a  —  3,  4 

gp  npH  G  =  ///,  /V  £  =  3,  4  (J)npH  G  *=/,//  g  =  1.  2 

• 

Key:  (1).  where  with.  (2).  and  also  with.  (3).  with. 

Let  us  place  shorting  device  into  the  (£ver age/mean  narrow 
waveguide  of  the  joint  of  three  waveguides  with  one  wide,  as  shown  in 
Fig.  4b.  Hith  t=0  this  device/equipment  is  converted  into  the  joint 
of  wide  waveguide  with  two  by  narrow  ones,  that  have  thick 
general/common/total  wall.  Tie  scattering  aatrix  of  joint  with  the 
thick  wall  (Fig.  4b,  1=0)  let  us  designate  *K.  After  using  formulas 
(1  1)  —  (14)  r  taking  into  account  (26)  we  obtain  the  cages  of  matrix/dir- 
K: 

KA”  =  StB-S?v  (l+SrVsr,  (27) 

where  A,  B=I,  II,  III. 

Supplementary  indices  1  are  set  in  (27)  in  order  to  note  that 
matrix/die  "k  is  determined  for  the  joint  with  a  width  of  the  narrow 
waveguides  of  kt  and  nt  and  with  a  thickness  of  wall  of  mt . 


Let  us  now  place  shorting  devices  into  two  extreme  narrow 
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waveguides,  as  shown  in  Fig.  Mt.  with  1=0  vs  obtain  steps  in  the 
waveguide  in  plane  H  (coupling  the  waveguides  of  identical  height  and 
different  width) .  Let  us  designate  the  scattering  aatrix  of  this 
coupling  by  symbol  L.  After  using  formula  (22),  we  obtain  expressions 
for  aatrix/die  L: 


Indices  2  7  (28)  correspond  to  the  width  of  the  narrow  waveguide 
o2  and  to  the  heights  of  steps  k2,  n2  (Pig.  *e€h)  ,  moreover 
hl*-B1*nl=k2*a2*n2. 

After  substituting  the  cages  of  aatrix/die  Tc  into  formulas 
(11) -(14),  we  obtain  expressions  for  the  cages  of  the  scattering 
matrix  H  of  the  waveguide  branching  off,  shown  in  Fig.  4d: 

M'VIV~1IVIV  +  Z'V‘(TK")  (T— (t k"){TZ")\~'  (TL,,V) 

,  M,va  =  L,v,\\-tfll!)(T K")r'  (TK'b I 

ma,v  =  ka‘\\  -  (? K")(T I")!-'  {tl"v) 
mab  =*  R4* •+• kai (t l" i  \T-{Tl")(Tk")\-'  (tkib i 

where  A,  B*II#  III. 

Page  153. 


Utilizing  again  formulas  (11) -(14)  for  series  connection  of 
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identical  joints  with  matrix/die  a,  shown  in  Figy  pamaea,  we  obtain 
the  unknown  scattering  matrix  of  H-plans  slotted  bridge  with  tha 
thick  internal  wall  and  the  steps  in  the  region  of  the 
connect ion/coaau ni cation: 


SsLcr.  =  mab  -  mat (r,  wTT) !  F-  (f0  mtt)  < r„  m7-7)  (r0  mtb) | 
sfuo «.  =  m*t\\- (T0  aH  (T0  iw") (fa  tfG)  I 


✓so 


where  T=IV;  A,  B  =  I,  II  or  III,  IV;  with  A»I,  II  G= III,  IV;  with 
A=III,  IV  G*I,  II. 


The  scattering  aatrix  of  waveguide  development  with  the  thick 
internal  wall  and  the  stepped  contraction  of  the  region  of 
connection/coaaunicaticn  in  plane  H  is  determined  from  the  expression 

=  mab  -  mat  !  r+  (T0  Ta  MTTr'  T0  T0  (31) 

where  T=IV;  A,  B=I,  II. 

At  conclusion  of  present  section  it  is  necessary  to  emphasize 
that  method  examined  here  of  ccxputing  the  scattering  matrices 
complicated  plumbing  is  based  cn  repeated  use  of  one  and  the  same 
algorithm,  determined  by  formula  (8). 

This  order  of  computation  is  v*>ry  convenient  for  the  realization 
on  the  computer(s)  ,  since  it  requires  the  use  of  one  routine  for 
calculating  the  most  varied  plumbing. 
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Page  154. 

Conclusion 

1.  In  the  present  work  is  obtained  scattering  matrix  of 
complicated  waveguide  junction  cf  regular  waveguides  with  several 
regions  of  connecticn/coaaunication .  In  the  method  in  question  the 
calculation  of  the  scattering  aatricas  of  different  coaplicated 
waveguide  junctions  is  conducted  by  repeated  use  of  one  and  the  sane 
algorithm,  convenient  for  the  calculation  on  the  computer  (s)  . 

2.  It  is  shown  that  known  results  of  theories  of  connected 
linear  multipoles  and  long  lines  with  loads,  and  also  aethcd  of 
generalized  scattering  aatrix  ard  account  of  repeated  diffractions 
with  the  aid  of  scattering  matrices  can  be  obtained  from  scattering 
matrix  of  complicated  waveguide  junction  as  special  cases. 

3.  Are  brought  out  formulas  of  scattering  matrices: 

-  joint  of  wide  waveguide  with  three  narrow,  that  have 
infinitely  thin  common  walls; 


-  regular  waveguide  with  juitp  of  cross  section; 
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-  thick  metallic  semi-infinite  plate,  situated  in  rectangular 
waveguida  in  parallel  to  narrow  wall; 

-  slotted  bridge  and  waveguide  development  with  thick  wall 
between  narrow  waveguides  and  two  irregu larlyly  cross  section  in 
region  of  connaction/communicat  ion. 

In  conclusion  the  author  expresses  gratitude  to  G.  &.  Yevstrcpov 
for  the  discussion  of  the  manuscript  of  article. 


.  tf 
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Three-stage  commutation  field  of  the  system  of  the  repeated  use  cf 
short-wave  receiving  antennas. 

V.  D.  Chelyshev. 

Three-stage  commutation  systems  ara  examined  taking  into  account 
the  special  features/peculiarities,  which  escape/ensue  from  the 
admissibility  of  simultaneous  ccnnection  to  one  antenna  of  the  group 
of  receivers.  The  fundamental  cfcaracteri sties  of  three-stage 
commutation  fields  are  given  in  the  comparison  with  the  single-stage 
field  of  th9  same  capacity/capacitance. 

Introduction. 

The  numerous  specific  special  features/peculiarities  of 
short-wav9  radio  communicat icn  lead  to  the  need  for  having  radio 
centers  with  a  maximally  possible  number  of  simultaneously  serviced 
correspondents  (frequencies  and  routings)  with  the  minimally 
necessary  number  of  antennas.  The  important  composite/compound 
componart  part  of  this  radio  center  is  the  system  of  tha  repeated  us* 
of  antennas  with  the  developed  commutation  field,  which  ensure  the 
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mutual  coaautati.cn  of  the  inputs  of  recaivers  and  antenna 
introductions/inputs  [  1]. 

In  the  general  case  of  substances  the  process  of  operation  any 
of  the  receivers  can  be  required  any  of  the  antennas  independent  of  a 
nuaber  of  already  established/installed  junctions,  i.e.  switching 
systea  aust  be  sufficiently  flexible,  fully  accessible,  on  the  other 
hand,  under  difficult  conditicts  of  shortwave  comnunication,  in  the 
connection/coaaunication  with  the  highly  mcbila  objects  and  in  other 
cases  is  required  the  sufficiently  frequent  cross-coaaunicaticn  cf 
antennas  up  to  the  autoaatic  selection,  i.e.  switching  systea  oust  be 
sufficiently  high  speed,  operational.  Best  in  this  respect  would  be 
the  fully  accessible  systea  of  operational  coaautation.  However,  this 
systea  always  cannot  be  realized,  especially  at  the  radio  centers  of 
great  capacity.  Purtheraore,  this  diagraa  is  characterized  by  the 
large  redundancy  of  coaautaticn  points,  it  requires  complicated 
feeder  separation  and  it  is  deprived  of  the  universality  of  the 
use/application  at  the  radio  centers  of  a  different 
capacity/capacitance .  To  virtually  each  receiver  for  the 
elongation/extent  relative  to  the  prolonged  intervals  of  time  is 
necessary  operational  commutation  frcm  the  liaitad,  small  number  of 
antennas  with  the  none perational,  but  fully  accessible  replacement  cf 
this  set /dialing  of  antennas.  In  other  words,  acceptable  should  be 
counted  systea  with  the  operaticnal  not  antirely  accusable 
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commutation  and  the  nonoperaticnal  fully  accessible  commutation  cf 
antennas. 

Page  156. 

Let  us  designate  through  8  a  maximum  number  of  simultaneously 
serviced  frequencies  and  routings  (receivers) ,  and  through  H  - 
maximum  number  of  antennas  of  radio  center  (antenna 
introductions/inputs).  He  will  be  orientad  toward  value  of  n,  which 
reaches  hundred  and  more,  and  at  value  of  N,  which  reaches  several 
ten. 

General/comaon/total  characteristic  of  three-stage  fully  accessible 
commutation  field. 

In  the  simplest  case  for  guaranteeing  total  accessibility  and 
effectiveness  of  commutation  it  suffices  tc  have  common  single-stage 
commutator  with  a  capacit y/ capacitance  of  field  of  HxN,  as  shown  in 
Pig.  1.  However,  it  is  not  always  possible  to  use  in  the  practice 
this  solution.  First,  the  fulfillment  of  commutator  with  values  of  8, 
N >3 0f40  is  connacted  with  the  serious  on  as  [1].  In  the  second  place, 
this  commutator  is  deprived  of  the  universality  of  its 
use/application  at  the  radio  centers  of  different 
capacity/capacitanca.  Thirdly,  although  a  similar  single-stage 
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diagram  has  the  smallest  number  cf  coupling  feeders,  the  lengths  of 
most  numerous  group  N  of  the  coupling  feeders  of  a 

commutator-receiver  are  large,  Pourthly,  diagram  is  characterized  by 
the  large  redundancy  of  commutation  points.  Therefore  at  the  radio 
centers  more  frequently  is  applied  the  single-stage  diagram,  which 
includes  not  one,  but  several  (it)  commutators  of  small  amount  of 
capacitance  H'xN*  with  N'<N  and  N*<N,  as  shown  in  Pig.  2. 
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Fig.  1. 

Pig.  1. 

Key:  (1).  To  the  inputs  of  receivers.  (2). 
introd  uc  tions/in  puts. 

Pa  ge  157. 


Hue.  2 


Pig.  2. 


To  antenna 


Antenna  introductions/inputs  for  the  separate  coaautators  are 
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obtained  from  the  outputs  of  the  splitters  of  the  power  of  antenna 
amplifiers,  and  a  number  of  these  introductions/inputs  considerably 
increases,  with  M » <M  the  diagram  is  deprived  of  total  accessibility. 
In  order  to  expand  the  possibilities  of  diagram  and  to  draw  it  nearer 
the  fully  accessible,  increase  the  capacity/capacitance  of 
commutators  in  input  ( M  •  — Ml),  run  supplementary  feeders  from  the 
splitters  power  to  the  commutators  and  between  the  separate 
commutators.  As  the  final  result  taking  into  account  the  possibility 
of  the  manual  cross-communication  of  antennas  with  the  aid  of  the 
supplementary  feeders  the  diagram  approaches  in  its  commutation 
characteristics  single-stage  fully  accessible,  being  inferior  to  it 
in  a  number  of  coupling  feeders  and  in  the  possibilities  of  the 
automation  of  the  processes  cf  commutation. 

Prom  the  theory  of  fully  accessible  commutation  systems  it  is 
known  that  more  effective  in  comparison  with  the  single-stage  is 
thre3-stage  system  [2].  Its  block  diagram  is  given  in  Fig.  3  and  is 
commutation  field  with  a  capacity/capacitanc9  of  HxN  with 
consisting  of  the  totality  of  the  separate  commutators  of  small 
amount  of  capacitance,  grouped  into  three  cascades/stages.  For 
guaranteeing  of  total  accessibility  and  effectiveness  of  commutation 
it  is  necessary  to  satisfy  the  following  conditions: 


a)  in  the  first  cascade/stage  to  bpgin  to  operate  tt/r. 
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coiaatatocs  by  capacity/capacitance  [nx(2n-1)]  each; 

b)  in  the  second  cascade/stage  to  begin  to  operate  (2n-1) 
commutators  by  capacity/capacitance  [ (fl/n)  x (R/n)  ]  each; 

c)  in  the  third  cascade/stage  to  begin  to  operate  N/n 
commutators  by  capacity/capacitance  ((2n-1)xn]  each; 

d)  interstage  junctions  tc  satisfy  in  such  a  way  that  each 
commutator  of  the  pravious  cascade/stage  on  the  output  would  have  at 
least  one  junction  with  each  cc mutator  of  the  subsequent 
cascade/stage  on  th9  input- 
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Fig.  3. 

Page  158. 

HBra  n  -  cartain  commutation  number  whose  sense  will  be 
clarified  below. 

The  distinctive  special  feature/peculiarity  of  the  commutation 
field  of  the  system  of  the  repeated  use  of  antennas  consists  in  the 
fact  that  in  it,  as  a  rule,  always  N>«,  a  number  of  receivers  exceeds 
a  number  of  antennas,  but  the  connection  of  receiver  with  the  antenna 
remains  available  independent  cf  a  number  of  already  connected  to 
this  antenna  receivers. 


Because  of  these  special  features/peculiarities  structural 
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diagram  in  Fig.  3  retains  its  form,  also,  with  N>N,  but  by  the  force 
of  inequality  N>N  a  capacity/capacitanca  of  the  commutators  of  the 
second  cascade/staga  and  a  number  of  commutators  of  the  third 
cascade/stage  decrease  [ 3  ]. 

Let  us  examine  the  most  difficult  case,  assuae  it  is  necessary 
to  carry  out  a  connection  between  an  i-  receiver,  connected  to  one  of 
the  coaautators  of  the  first  cascade/stage,  and  a  j-  antenna, 
connected  to  ona  of  the  coaautators  of  the  third  cascade/stage. 
Moreover  to  (n-i)  receiver  cf  tie  ccaautator  of  the  first 
cascade/stage  in  guestion  is  already  connected  (n-1)  antenna,  none  of 
which  is  required  for  an  i-r«c«iver,  and  (n-1)  antenna  of  the 
coaautator  cf  the  third  cascade/staga  in  question  is  distributed  on 
the  receivers,  which  fora  part  cf  other  commutators  of  the  first 
cascade/stage.  All  connections  froa  that  exaained/considered  of  the 
coaautators  of  the  first  cascade/stage  and  to  that 

exaained/considered  the  coaautators  of  the  third  cascade/stage  pass 
through  the  different  commutators  of  the  second  cascade/stage.  Then  a 
nunber  of  occupied  coaautators  of  the  second  cascade/stage,  through 
which  it  is  possible  tc  carry  cut  ij  connection  in  question,  composes 
2(n-1)=2n-2.  Since  in  the  second  cascade/stage  will  begin  to  operate 
(2r.-l)  coaautator,  then  remains  one  additional  commutator,  through 
which  it  is  possible  to  carry  out  the  requiring  ij  connection. 
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We  analyze  function  of  total  number  of  coamutation  points  of  the 

system  t3  (8,  N,  n)  in  question  depending  on  the  commutation 

parameter  n  at  the  given  ones  by  8  and  N.  Prom  the  diagram  in  Pig.  3. 

r,=  —  [n(2n-l)]-M2n— 1)(—  — W  —  [(2n  -  !)«)]  = 
n  \  a  n  !  i» 

Let  us  introduce  designation  r*0=8M/  (8  *N)  and  will  consider  that  in 
the  single-stage  diagram  T^HH,  then  equ.  (1)  will  take  the  fora 

r,~^<2',"1,(1+ *)'  (la) 

Page  159. 


of  greatest  intarest  is  three-stage  diagram  with  a  minimum 
number  cf  commutation  points  7* 3 mhm*  Investigating  equality  (la)  to  the 
extremum,  we  will  obtain  the  equation  of  form. 

/i3  —  ngn  +  =-  0.  (2) 


This  aquation  has  the  unique  solution,  which  satisfies  the  physical 
realizability  of  diagram  (root  cf  equation  has  real  positive  value 
moreover  n>1)  at  the  value  of  discriminant  ^(27—  4*§)  <  0.  “ith 

n0£2.6.  Tha  approximately  optimum  value  of  commutation  parameter 
n  =  h„ot.  at  which  occurs  a  minimum  number  of  commutation  points,  can  be 
defied  as  [  h 


2 


<  1 


nmn  —  — ~  COS  — 

)  3  l  3 


.t  —  arc  cos 


3  \  3 

2n, 


(3) 


I 

L 


I 


In  the  concrete/specific/actual  diagram  of  commutation  field 
value  n  must  be  not  only  whole,  but  also  common  multiple  for  M  and  N. 
In  this  case  values  n  and  N  are  rounded  off  to  the  appropriate 
nearest  values  toward  the  increase  (by  this  is  considered  a  promising 
increase  in  the  capacitance  of  radio  center)  ,  and  value  non,  and 
it  is  possible  to  determine  from  the  approximate  equalities,  valid 
already  with  n0^4--5:. 

i  '  ~WT  ) 

flont  -  n«  -  \  m+n  .  (3a) 

7**.  ~  4  !  MN  (M  ! 

Since  values  n  it  is  necessary  to  round  off  during  ths 
development  of  one  or  the  other  diagram,  then  is  of  interest 
dependence  on  n  which  it  is  easy  to  obtain  from  the  egu.  (1, 

Tj  MB), 

la;  3  and  3a)  in  tha  precise  and  approximate  form: 


«— »(■-£) 

(2«ont-l)f  I +  -7-) 

\  , 

(2  N 
1  ^  «0  \ 
-  n*  ] 


(4) 


(-in) 


Functional  dependences  (4)  and  (4a)  show  that  change  n  with 
respect  to  ng  within  relatively  wide  limits  from  nrsl.7  n0  to  n-0.5  n0 
and  less  leads  to  an  increase  in  the  number  of  commutation  points  not 
tore  than  by  25o/o. 
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Furthermore,  for  values  of  n0*4-8  sore  advantageous  is  rounding  n 
toward  decrease,  since  in  this  case  a  number  of  commutation  points 
increases  more  slowly  than  with  the  rounding  to  the  large  side. 


Let  us  examine  conditions,  with  which  three-stage  commutation 
field  has  the  total  number  of  commutation  points  t3,  is  less  than  the 
single-stage  field,  which  has  T,=MH,  i.e.  when  Tt/T3^J.  For  the 
optimum  thrae-stage  diagram  taking  into  account  (la)  and  (3a)  we  will 


obtain 


-i-ti 


In  the  most  important  for  the  practice  cases  whsn  rio  a  n0irr  ^ 


4*f5,  we  find 


_ i _ ~  *  >i. 

T'i  mih  2  (2n» —  I)  4 


Condition  (5a)  shows  that  the  three-stage  commutation  field 
becomes  squivalant  to  single-stage  or  more  profitable  according  to  a 
number  of  commutation  points  at  values  of  n0^4,  where  n,  -=  J,  ■ 

Sines  in  the  systae  of  the  repeated  use  of  antennas  fl>N,  i.e.  H=kN, 

k>1,  then  it  is  possible  to  record: 

N  =  n%[\  J-  -J-j. 

Tt-MN  -aj^l  +  -jjk. 


(6) 
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Analyzing  equ.  (6),  it  is  possible  to  note  that  three-stage 
commutation  field  profitably  according  to  a  number  of  commutation 
points,  beginning  from  the  initial  capacitance  of  radio  center 
T i  =  BN- 10  5  (for  example,  HxN=€4x16),  but  at  values  of  T|*6«10J  (for 
example,  (1xN=192x32)  three-stage  diagram  provides  gain  in  a  number  of 
commutation  points  not  less  than  1.5f2.0  times.  The  noted  advantages 
do  not  exhaust  the  possibilities  of  three-stage  diagrams.  Talcing  into 
account  the  specific  character  of  the  vorlc  of  the  system  of  the 
repeated  use  of  antennas,  it  is  possible  to  an  even  greater  degree  to 
realize  gain  in  a  total  number  cf  commutation  points.  Let  us  pause  at 
one  of  tha  possible  versions  of  this  perfection  cf  three-stage 
diagram. 

Three-stage  commutation  field  from  the  limited  by  accessibility 
operational  commutation. 

The  three-stage  diagram  examined  provides  total  accessibility 
and  effectiveness  of  commutation  at  any  moment  of  tine  and 
independent  of  a  number  of  established/installed  connections. 


Page  161 


''’his  oneratior.nl  total  accessibility  o°  confutation  for  the  systems 

of  the  ’-eneated  us  of  short-wave  antennas  is  not  necessary.  To  each 

receiver  and  to  their  even  group  with  the.  similar  conditions  c 

accordin'!  to  the  c  onnec  t  ion/c  ommuni  cat  ion  during  those  relatively 

extended  segments  of  tine  it  is  necessary  to  have  only  a  limited  set 

of  antennas  for  operative  commutation  and  automatic  selection.  In  a 

single-stage  circuit  as  a  result  of  the  impossibility  of  providing 

comnlete  asQessibilit"of  commutation  with  a  large  initial  capacity  of 

the  radio  center  an  attempt  is  made  to  use  separate  commutators  with 

the  maximum  possible  capacity.  In  a  completely  accessible  three-stare 

circuit  it  is  not  necessarv  to  select  Individual  high-canacitv 

commutators.  Thus  each  commutator  of  the  first  stage,  which  endures 

direct  commutation  of  the  receiver  ianuts,  can  be  selected  with  the 

number  of  Innuts  n ^  1 '  MN  ~  In  this  case  at  any  moment  of  time 

r  M-4.  V 

to  each  receiver  Is  available  any  of 


i 
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the  available  by  N  antennas.  Taking  into  account  the  possibility  of 
selecting  the  receivers  in  such  snail  groups  according  to  the 
principle  of  the  similarity  of  conditions  according  to  the 
connection/communication,  it  is  possible  the  same  n  of  antennas  to 
select  not  on  n,  but  to  the  large  group  of  receivers  gn  with  g>l.  In 
this  case  there  is  no  possibility  to  ensure  total  accessibility  cf 
commutation  for  each  receiver  at  any  moment  of  time  without  any 
mechanical  reconnection/recombinaticn  to  completely  renew  set/dialing 
from  the  n  antennas  on  any  of  the  commutators  of  the  first 
cascade/stage.  Let  us  examine  the  simplest  case  when  coefficient  g  is 
selected  identical  for  all  commutators  of  the  1st  cascade/stage  q=q0. 
The  structure  of  the  construction  of  diagram  remains  the  same  as  in 
Fig.  3.  Hill  change  only  a  nuibcr  and  the  capacitance  of  th9 
commutators  of  the  first  and  and  the  second  of  cascadas/stages .  Thus, 
in  the  first  cascade /stage  must  fce  begun  to  operate  fl/qn  ccmmutatcrs 
by  capacitance  [qnx(2n-1)  ],  the  secondly  -  the  same  (2n-1)  of 
commutator,  but  by  capacitance  (P/qn  x  K/n).  Total  number  of 
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commutation  points  foe  the  changed  diagram 

r,-(2«-l)(M  +  JV+*£).  *7) 

Taking  into  account  that  during  tha  coapositioc  of  the 
concrete/specific/actual  diagraa  n  it  is  necessary  to  round  off,  we 
will  be  restricted  to  the  examination  only  of  the  approxiaate 
solutions,  niniaua  number  of  coaautation  points  with 


.  ^  .  /  ~Mn  " 

r'a”-n°  \  q{M+N)~  yj 


( 8 1 


it  is  possible  approximately  to  find  free  the  relationship/ratio 
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Tsm  —  4ni>(M  + 


(9) 


The  analysis  conducted  stows  that  tha  diagraa  with  limited 
accessibility  of  operational  ccnnutation  with  q>1  prgwides 
supplementary  gain  in  a  number  of  coaautation  points  |  ~q~  once  in 
coaoarison  with  the  three-stage  fully  accessible  diagraa  and  4  >  q 
once  in  coaparison  with  the  single-stage  diagraa.  Thus,  with  g£2fu 
diagram  from  the  limited  total  accessibility  operational  commutation 
becoaes  profitable  than  the  single-stage,  beginning  from  the  initial 
capacitance  of  radio  center  HxN=10*. 


The  analysis  of  the  three-stage  commutation  field  of  the  system 
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of  the  repeated  use  of  antennas  conducted  lakes  it  possible  to  make 
following  conclusions. 

1.  Three-stage  coanutaticn  diagrams  include  totality  cf 
commutators  of  small  amount  of  capacitance  and  differ  in  terms  of 
large  universality  uses/applications  at  radio  centers  of  most  varied 
capacitance. 

2.  Considerable  changes  in  structure  of  three-stage  diagram  do 
rot  lead  to  sharp  increase  in  number  of  commutation  points  in 
comparison  with  optimum  diagram. 

3.  Optimum  fully  accessible  three-stage  diagram  becomes 
profitaola  according  to  number  of  commutation  points  in  comparison 
with  single-stage,  beginning  from  relatively  small  initial 
capacitance  of  radio  center  flxR=.103. 

4.  further  possible  considerable  increase  in  profitability  of 
three-stage  track  layouts  of  corresponding  limitation  of  total 
accessibility  of  operational  commutation. 

The  given  numerical  characteristics  of  three-stage  diagrass  car. 
serve  as  base  for  tha  selection  of  the  versions  of  commutation 
diagrams  during  their  comparative  evaluation  according  to  the 
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operational  possibilities,  the  electrical  and  operating  parameters. 
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